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I. 


INTRODUCTION 


The  all-digital,  Monte  Carlo  six  degree  of  freedom  (6  DOF) 
simulation  program  documented  in  this  report  provides  a realistic  method 
for  the  evaluation  and  analysis  of  a terminal  homing  weapons  system. 
Missile  hardware  components,  vehicle  dynamics,  environment  descriptions, 
and  target  motion  are  simulated  by  identifiable  program  modules.  In 
some  cases  (e.g.,  the  actuator  and  autopilot  modules),  both  high  and 
low  frequency  models  are  available,  allowing  simulations  to  be  tailored 
to  user  needs.  The  missile  modeled  in  the  program  is  the  7-in.  HORNET 
airframe  [1]  utilized  as  the  basic  flight  testbed  by  the  US  Army  Missile 
Command's  (MICOM's)  Terminal  Homing  Accuracy  Demonstration  (TRAD)  group. 
Two  gimballed  seekers  are  modeled  which  null  on  the  line-of-sight 
vector  to  provide  an  initial  signal  for  proportional  navigation  guidance. 
Either  model,  one  simulating  a four-quadrant  (laser)  seeker  (with  digital 
and  digital/linear  signal  processing  logic  options),  and  the  other  simu- 
lating a vidicon  (optical  contrast)  seeker,  can  be  optionally  selected. 
Another  input  option  permits  simulation  of  either  a direct  fire  (pre- 
launch target  acquisition)  mode,  or  an  indirect  fire  (target  acquisition 
after  launch)  mode.  Preacquisition  guidance  during  an  indirect  fire 
mode  simulation  is  provided  by  a preprogrammed  trajectory,  where  tra- 
jectory shaping  can  be  accomplished  by  an  input  parameter.  A number  of 
print  and  plot  output  options  provide  versatility  of  data  presentation. 

A Monte  Carlo  approach  was  developed  for  generating  circular  error 
probability  (CEP)  related  information.  This  report  presents  a functional 
overview  of  the  program,  a detailed  description  of  the  individual  modules 
and  subroutines,  a brief  description  (where  appropriate)  of  the  components 
modeled,  and  a guide  to  the  use  of  the  program. 


II.  FUNCTIONAL  DESCRIPTION 

The  6 DOF  Monte  Carlo  Terminal  Homing  Simulation  Program, 
shown  in  Figures  1 and  2,  provides  the  capability  of  simulating  flights 
of  a TRAD  T-7  terminal  homing  seeker-missile  under  varying  input  condi- 
tions. The  operation  of  the  stochastic  6 DOF  program  is  automatic  when 
all  initial  conditions  and  time  series  error  source  distributions  are 
specified  along  with  the  number  of  runs  to  be  made.  In  the  absence  of 
Monte  Carlo  data  inputs,  the  operation  of  the  6 DOF  program  reverts  to 
that  of  the  deterministic  version. 

Figure  1 is  a flow  chart  of  the  executive  control  subroutines. 

This  figure  gives  an  overview  of  the  basic  program  operation  that  is 
independent  of  hardware  modeling  and  flight  simulation.  Control  of  the 
events  shown  in  each  of  the  blocks  is  accomplished  primarily  through  use 
of  input  data  read  in  on  special  card  types.  These  card  types  are  iden- 
tified by  numbers  from  1 to  10.  Section  IV .A  contains  detailed  explana- 
tions of  each  card  type.  A detailed  description  of  Figure  1,  along  with 
an  explanation  of  program  flow  relating  to  card  type,  is  given  in 
Section  III .A. 
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Figure  1.  6 DOF  flowchart 
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Figure  2 is  a functional  block  diagram  of  the  flight  simulation 
modules,  depicting  both  basic  program  flow  and  basic  data  flow.  A list- 
ing follows  which  defines  the  variable  symbols  ised  in  Figure  2.  The  pro- 
gram is  modularly  designed,  where  the  modules  describe  either  hardware 
components  (e.g.,  seeker,  actuator,  etc.) j homogeneous  environmental  con- 
ditions (e.g.,  winds  and  air  data),  or  simulation-unique  functions  (e.g., 
coordinate  conversion,  translational  dynamic,  utc.).  Each  module  is  made 
up  of  an  initialization  subroutine  and  an  operational  (flight  execution) 
subroutine.  The  initialization  subroutine,  controlled  by  AUX1 , calculates 
module  constants,  sets  integration  initial  conditions  and  decision  flags, 
draws  random  numbers  for  Monte  Carlo  error  sources,  and  loads  the  numer- 
ical integration  array.  The  operational  subroutine,  controlled  by 
AUXSUB,  contains  all  logic  relating  to  the  operation  of  flight  hardware, 
time  varying  environmental  conditions,  etc.  This  modular  approach 
facilitates  adaptation  of  the  program  to  reflect  changing  hardware 
components  and  different  levels  of  environmental  modeling. 


Variable 


CDM 


I 


m 


M 

M 

P 

R 


T 

D 

TB 


RS 


Definition 

Aerodynamic  damping  coefficient  vector,  (C , , C . C ) 

ip  mq’  mr 

Aerodynamic  force  coefficient  vector,  (C  , C , C ) 

X Y Z 

Aerodynamic  moment  coefficient  vector,  (C^ , C , C^) 

Center  of  gravity  shift  due  to  burned  propellant 

Total  force  vector,  (F  , F , F ),  in  body  axes 

X Y Z 

Engine  thrust  force  vector,  (F  , F , F ),  in  body  axes 

1 A 1 1 1 Z 

Moment  of  inertia  vector,  (Ivv,  Iw,  I ).  (The  products 

XX  Y Y ZZ 

of  inertia,  I , Iv„ , etc.,  are  assumed  to  be  zero.) 

XY  xz 

Vehicle  mass  (time  dependent,  due  to  burning  propellant) 

, V Mz) 

Engine  thrust  moment  vector,  (M^,  M^,,,  M^) 

Dynamic  pressure 

LOS  vector  (AXblos  * AY^,  ^BLQS)  in  body  axes 
Missile  position  vector,  (X^.,  Y£,  Zp)  in  earth  axes 
Missile  to  target  slant  range  (magnitude  of  LOS  vector) 
Target  position  vector,  (X^,  Y^,  Z^,)  in  earth  axes 


Total  moment  vector,  (M^ 
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Variable 


Definition 


LOS  vector,  fcX^g,  in  axes 

V Missile  velocity  vector,  (V  , V , V ),  in  earth  axes 

M X Y Z 

Vw,_,  Missile  Mach  number 

MACH 

V Missile  velocity  vector,  (Vy^,  V^,  V^) , relative  to  the 
wind,  in  earth  axes 

V Wind  velocity  vector  in  earth  axes 
W 

3 Missile  angle  of  attack  (pitch) 

Missile  angle  of  attack  (yaw) 

d’  Missile  angle  of  attack  (total) 

Euler  roll  angle  measured  between  missile  attitude  gyro 
and  body  axes 

O'  Aerodynamic  roll  angle 


Fin  position  vector,  (5,,  50,  5,,  &,),  for  fins  1,  2,  3, 

j / 1 ^ J -4 

and  4 


Commanded  fin  position  vector,  (&  ^,  & 2 5 ^c3* 

Pitch  and  yaw  rate  command  ( . , ^)  to  autopilot  from 

seeker  ^ 


Body  angular  rate  vector,  (00  , u)  , a) 

Jr  y K 


The  Monte  Carlo  approach  takes  advantage  of  the  dual  mode  operation 
of  the  6 DOF  program.  The  initialization  modules  call  MCARLO  to  random- 
ize all  initial  condition  error  sources.  Then  in  the  flight  execution 
module,  MCARLO  is  called  to  generate  time  series  random  conditions. 


III.  SUBROUTINE  DESCRIPTION 

A.  MAIN  Program 

MAIN  is  the  primary  executive  routine  of  the  simulation 
program.  All  subroutines  and  modules  executed  during  a simulation  run 
are  either  called  from  MAIN,  or  are  called  by  subroutines  or  modules 
which  are  called  by  MAIN. 
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Figure  1 is  a flow  chart  of  MAIN.  This  figure 
illustrates  executive  subroutine  flow  that  is  independent  of  hardware 
modeling  and  flight  simulation.  Control  of  the  events  in  each  of  the 
blocks  is  accomplished  primarily  through  use  of  input  data  read  in  on 
special  card  types.  These  card  types  are  identified  by  numbers  ranging 
from  1 to  10.  A detailed  description  of  each  card  type  is  given  in 
Section  IV. A.  The  following  will  relate  card  type  to  program  operation. 

a.  0INPT1  - Data  Card  Input  Subroutine 

This  subroutine  reads  all  input  data  and  sorts 
the  cards  according  to  card  type.  If  an  end-of-file  (EOF)  is  encountered 
in  0INPT1,  execution  will  be  terminated.  When  a 6-card  is  encountered, 
0INPT1  stops  reading  data  and  control  passes  to  the  decision  point  shown 
immediately  below  0INPT1. 

b.  TYPE  OF  RUN  - Deterministic  or  Monte  Carlo 

The  type  of  run  is  dictated  by  the  presence 
or  absence  of  type  8-cards.  If  no  8-cards  are  encountered  by  0INPT1, 
the  run  is  deterministic.  If  8-cards  are  encountered,  the  run  is  Monte 
Carlo.  (8-cards  contain  input  data  for  random  error  sources.) 

(1)  RANNUM  - Random  Number  Generator.  This 
subroutine  is  called  only  if  the  run  type  is  Monte  Carlo.  RANNUM  seeds 
the  random  number  sequence  for  the  Monte  Carlo  run  set.  The  seed  is 
input  by  3-card  and  must  be  an  odd  octal  whole  number.  (Monte  Carlo 
inputs  are  given  in  Section  III.C.7)- 

(2)  AUXI  - Module  Initialization  Control 
Subroutine.  This  subroutine  calls  the  modules  shown  in  Figure  2 to 
initialize  integrators  and  set  decision  flags.  For  Monte  Carlo  runs, 
random  numbers  are  drawn  for  each  of  the  error  sources  that  are  modeled 
in  the  modules.  (A  description  of  error  sources  is  given  in  Section 
III.C).  The  program  flow  shown  in  Figure  2 is  not  hardwired  into  the 
program.  The  calling  sequence  is  specified  by  2-cards  that  are  input 
through  OINPTl ; thus,  any  sequence  may  be  used.  However,  the  sequence 
shown  is  recommended  due  to  the  natural  flow  of  the  program  and  to  the 
fact  that  some  modules  may  initialize  quantities  that  are  required  by 
other  modules. 
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c.  SUBL2  - Output  Staging  Subroutine 

Tilts  subroutine  calls  0UPT2,  STEG2,  and  other 
executive  subroutines  as  specified  by  1-cards,  Normally,  only  0UPT2 
and  STEGE2  are  specified,  STGE2  initializes  some  executive  control 
flags,  0UPT2  initializes  print  and  plot  arrays. 

d.  AUXSUB  - Operational  Control  Subroutine 

This  subroutine  calls  each  of  the  modules 
shown  in  Figure  2.  (AUXSUB  calls  the  operational  subroutine  of  each 
module,  while  AUXI  calls  the  initialization  subroutine  of  each  module.) 
The  operational  subroutines  are  called  to  make  the  initial  calculation 
of  all  state  vector  derivative  values  and  scalar  parameter  values  to 
initialize  the  numerical  integration  sequence. 

As  stated  in  b.(2),  the  program  flow  shown  in  Figure  2 is  not 
hardwired  into  the  program.  AUXSUB  calls  the  modules  based  on  2-card 
input  data. 


e.  AMRK  - Runge-Kutta  Integration  Subroutine 

AMRK  calls  AUXSUB.  AUXSUB  then  calls  each  of 
the  operational  subroutines  of  the  modules  shown  in  Figure  2.  AMRK 
maintains  control  while  making  the  four  Runge-Kutta  integration  passes. 
When  four  passes  have  been  completed  (this  completes  an  integration 
step),  control  passes  to  SUBL3. 

f . SUBL3  - Output  and  Termination  Control  Subroutine 


SUBL3  calls  0UPT3  to  write  output  specified  by 
4-card  and  to  store  plot  data  specified  by  7-card.  Then  SUBL3  calls 
STGE3,  the  integration  control  subroutine.  STGE3  monitors  flight  time 
and  flight  termination  switches.  There  are  three  conditions  for  flight 
termination.  They  are: 

1)  Ground  impact  (checked  only  if  range  to 
go  is  greater  than  500  ft) . 

2)  Target  plane  intercept. 

3)  Flight  time  exceeded. 

The  first  two  termination  conditions  are  checked  by  G4,  while  the 
third  is  checked  by  STGE3. 

g.  TERMINATE 

If  none  of  the  three  flight  termination  condi- 
tions are  met,  control  returns  to  AMRK  and  integration  continues. 
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h.  PLOT 


Plotting  is  specified  by  7-card.  If  7-cards 
were  input  through  0INPT1 , then  PL0T4  will  be  called  at  the  end  of  each 
flight  to  store  plot  data  on  disc  file  TAPE1.  TAPE1  is  treated  as  an 
output  file  and  must  be  disposed  of  at  the  end  of  the  job  to  a remote 
terminal  that  has  a Houston  Instrument  COMPLOT  plotter.  Section  III.G.3 
explains  how  to  dispose  of  the  plot  file. 

i.  TYPE  RUN  - Deterministic  or  Monte  Carlo 

If  the  run  is  deterministic,  control  passes 
back  to  OINPTl . OINPTl  reads  data  for  the  next  case.  If  no  data  cards 
are  present,  execution  will  terminate.  If  the  run  is  Monte  Carlo,  con- 
trol passes  to  the  next  decision  point,  END  RUN  SET. 

j.  END  RUN  SET 

The  end  of  the  run  set  is  indicated  when  the 
decision  flag  LSTEP  is  set  to  11.  LSTEP  is  set  to  11  in  OINPTl  when 
OINPTl  reads  a 9-card.  (A  CEP  control  card  must  follow  the  9-card.) 

The  number  of  runs  in  a set  is  dictated  by  the  number  of 
6-cards  input.  Each  6-card  generates  one  run.  The  end  of  the  run  set 
is  indicated  by  placing  a 9-card  and  a CEP  control  card  in  front  of  the 
last  6-card. 

k.  MEAN  AND  STANDARD  DEVIATION 

Hie  mean  and  standard  deviation  of  any  parameter 
in  the  C -array  may  be  calculated  by  specifying  the  parameter  on  a 10- 
card.  The  parameter  value  is  sampled  at  the  end  of  each  flight  (target 
impact),  then  the  mean  and  standard  deviation  are  calculated  and  printed 
at  the  end  of  the  run  set. 

l.  COMPILED  LIST  OF  MISS  DISTANCES 

The  Y and  Z components  and  absolute  magnitude 
of  miss  distance  are  compiled  and  printed  at  the  end  of  each  run  set. 

The  miss  distances  given  in  this  list  are  then  used  to  calculate  a missile 
CEP.  The  miss  distance  components  are  referenced  to  the  flight  coordi- 
nate system  described  in  Section  II.C.10. 

m.  CEPAS  - CEP  Calculation  Subroutine  i 

The  miss  distance  components  (Y,  Z)  are  saved 
from  each  run.  Then  a CEP,  confidence  intervals,  and  other  statistical 
information  are  calculated  from  the  set  of  miss  distance  components. 


i 

A 
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B. 


Modu  Les 


L.  Al-Aerodynamic  Coefficient  Table  Look-Up  Subroutine 
a.  Functional  Description 

This  subroutine  utilizes  the  executive  subrou- 
tines TABLE,  TABL2,  and  TABL3  to  retrieve  the  aerodynamic  coefficients 
from  data  arrays  stored  in  BLOCK  DATA  B.  These  aerodynamic  coefficients 
are  referenced  to  the  wind  axes  coordinate  system  slrown  in  Figure  3. 

For  this  coordinate  system,  a normal  and  axial  force  convention  is  used 
as  opposed  to  a lift  and  drag  force  convention. 

The  independent  variable  arrays  (Mach  number,  angle  of  attack,  and 
fin  setting)  are  stored  in  BLOCK  DATA  A. 

The  aerodynamic  coefficient  components  and  the  independent  variables 
of  which  they  are  a function  are  as  follows: 

1)  Axial  force  coefficient  at  zero  angle  of  attack  - 

cxo  ■ £l<mCH>  • 

2)  Axial  force  trim  coefficient  - 
ACX  = f1(MACH,a')  • 

3)  Untrimmed  normal  force  coefficient  - 

'('/')  ~ ^1  (MACH  ,0£  ) . 

4)  Untrimmed  pitching  moment  coefficient  - 

5)  Incremental  pitching  moment  coefficient  due  to  aerodynamic 
roll  angle  (O')  - 

ACm,  = f3(MACH,a') 

6)  Pitch  control  moment  coefficient  due  to  fins  - 
= f^ (MACH, a' ,Bq) 


Q = f4(MACH^',&r) 


Sr  $ 1 
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7)  Incremental  normal  force  coefficient  due  to  aerodynamic 
roll  angle  (O')  - 

ACn,  = f 5 (MACH ,2') 

8)  Hormal  force  coefficient  due  to  fin  pitch  position  - 

’ £6(mCH"“’-6<l)  • 

9)  Normal  force  coefficient  due  to  fin  yaw  position  - 

10)  Incremental  side  force  coefficient  due  to  aerodynamic  roll 
angle  (O')  - 

AC  = f (MACH, C*') 

Y (®') 

11)  Incremental  yawing  moment  due  to  aerodynamic  roll  angle  (O') 

AC  , = f „ (MACH, a ' ) 
n o 

12)  Incremental  rolling  moment  due  to  aerodynamic  roll  angle  - 

ACr  = f9(MACH,a') 

Lugs 

ACg,  = f10(MACH,a')  . 

13)  Rolling  moment  coefficient  due  to  fin  roll  control  - 


14) 


Pitch 


0 


I=0  = fu(MACH>a,5p) 
yaw,  and  roll  damping  coefficients  - 


Cmq  = *12^’^ 

Cnr  = 

Cip  = *13CMMM.a> 
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The  independent  variables  and  the  dependent  variables  previously 
listed  are  stored  in  BLOCK  DATA  A and  B and  each  dependent  independent 
variable  array  is  assigned  to  a COMMON  BLOCK  in  their  respective  BLOCK 
DATA  routines.  When  more  than  one  independent  variable  is  involved, 
the  arrays  containing  the  independent  variables  are  located  in  a single 
COMMON  BLOCK.  For  example,  C , (ot1)  is  a function  of  two  independent 

variables,  MACH  andet'.  COMMON  BLOCK  assignments  are  made  according  to 


the  following  data  listing: 

Variable  Array 

COMMON 

COMMON  BLOCK 

Name  Name 

BLOCK 

Order 

C , (7 ' ) CM 

m 

CMFUN 

/CMFUN/ CM  (24) 

a'  alpi 

CZARG 

MACH  AMI 

CZARG 

/CZARG/ALP1 (6) , AM1(4) 

• 

The  order  in  which  the  array  name  appears  in  the  COMMON  BLOCK  is  based 
upon  which  independent  variable  is  held  constant  while  the  other  is 
varied  through  its  numerical  range.  The  array  name  appearing  first  in 
a COMMON  BLOCK  is  varied  through  its  range  while  the  second  is  held 
constant. 

The  instantaneous  value  of  a coefficient  is  obtained  from  the  data 
arrays  by  use  of  the  executive  subroutines  (look-up  subroutines)  TABLE, 
TABL2,  and  TABL3.  The  look-up  subroutines  used  depends  upon  the  number 
of  independent  variables,  e.g.: 

1)  One  independent  variable  - use  TABLE. 

2)  Two  independent  variables  - use  TABL2. 

3)  Three  independent  variables  - use  TABL3. 

The  instantaneous  value  of  the  independent  variable  is  sent  into 
the  appropriate  look-up  subroutine,  along  with  the  COMMON  BLOCK'S  con- 
taining the  dependent  and  independent  variable  arrays.  A linear  inter- 
polation is  performed  between  appropriate  points  and  the  instantaneous 
value  of  the  dependent  variable  is  returned. 

The  force  and  moment  coefficients  of  the  control  surfaces  (fins) 
are  given  as  a function  of  the  ratio  of  the  control  surface  coefficient 
to  the  average  value  of  the  combined  angular  displacement  of  the  four 
control  surfaces.  The  average  value  of  the  combined  fin  settings  are 
computed  in  this  module  based  upon  the  individual  fin  settings  computed 
in  the  actuator  module,  C4. 
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b.  Equations 

(1)  Fin  Deflections.  The  average  value  of 
the  combined  fin  settings  based  on  individual  fin  settings  are  computed 
following  the  sign  convention  and  fin  setting  configurations  given  in 
Figure  4.  This  figure  illustrates  the  combined  settings  that  produce 
pure  attitudes  of  pitch,  yaw,  and  roll. 

The  sign  convention  is  based  on  the  fin  angular  rotations  that 
produce  pure  pitch.  Thus,  fin  positive  rotations  (looking  down  the  fin 
hinge  toward  the  fin  based)  are: 


a) 

b) 

c) 

d) 


Fin  No.  1 - positive  counterclockwise  (Zf ^) . 
Fin  No.  2 - positive  counterclockwise  (Afp) • 


Fin  No.  3 - positive  clockwise  (ZF^) • 
Fin  No.  4 - positive  clockwise  (AF^)  . 

Thus,  the  average  value  of  the  combined  set  is: 


(-aF,  - £F9  + AF-  + AF.  ) 

6p  = ± ^ ± 2-  (roll) 

(AF,  + AF-  + AF.,  + AF,) 

&q  = S — (pitch) 


(“  ri  + F2  ‘ F3  + ' J4J  , , 

5r  = ; (yaw) 


(2)  Total  Force  and  Moment  Coefficient  Wind 
Axes . The  total  force  and  moment  coefficients  in  the  wind  axes  system 
are  computed  from  the  components  listed  in  Section  III.B.l.(a)  according 
to  the  following: 

a)  Axial  force  coefficient  - 
CA  = CX0  + ACX  * 


b)  Normal  force  coefficient  - 


S'  = S ' (a ' ) + AS'  sin2  2*'  + fel'-O  (5q)  cos  *' 


■ lTr/«'-o (&r)  sln 
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NO.  4 


NO.  1 


<^>  N03<^6> 

v V +\  VNO,2  <y  +h  v 


LOOKING  FORWARD,  <?'  = 0° 


NOTES: 

1 IS  ALWAYS  IN  THE  PLANE  OF  a' 

2.  TAIL  DEFLECTIONS  SHOWN  ARE  TRAILING  EDGE  DISPLACEMENTS. 

3.  TAIL  HINGE  MOMENTS  HAVE  THE  SAME  DIRECTION  AS  DEFLECTIONS  f> 

q 

Figure  4.  Aero  sign  conventions  - wind  axes. 
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c)  Pitching  moment  coefficient  - 


Cm’  = Cm ' (a 1 ) + ACm'  Sin  24' 

• (tf)® '-o (&r>  sin 


d)  Yawing  moment  coefficient  - 


/ cm'\ 

+ \"&q/$'=0 


(bq)  cos  $' 


C , = AC  , sin  4$ 1 + 
n'  n 

/C»A 


/c  A 

I n 1 

\ Sr /O' 


=0 


(Sr)  cos  ®' 


+ [i^k'=o (6q)  sin  *' 


e)  Side  force  coefficient 


CY,  = ^CY-  sin  4$'  + ('st)$'=0  (&r)  tOS  *' 

C”'\ 


+ '~/o’=o  (£q)  sin  *'  • 


f)  Rolling  moment  coefficient  - 


Cj.,  - ACX 


Lugs 


sin  O'  + ACi(  sin  4®'  + ( — L,=0  (8p) 


(3)  Total  Force  and  Moment  Aerodynamic 
Coefficients  - Body  Axes.  The  aerodynamic  forces  and  moments  are  com- 
puted in  module  A2  (forces  and  moments  module)  using  the  coefficients 
computed  in  this  module.  These  forces  and  moments  are  computed  in  the 
missile  body  axes  system;  therefore,  the  coefficients  previously  computed 
must  be  transformed  into  the  body  system.  The  transformation  is  made 
based  on  the  geometry  given  in  Figure  3.  Thus,  the  force  and  moment 
coefficients  are: 

a)  Force  coefficients  - 
CX  = V 

CY  = CY,  cos  4>'  - CN,  sin  $' 

Cz  = -CY,  sin  ®'  - CN,  cos  ®' 


*Axial  force  coefficient  C.  is  actually  opposite  in  sign  of  C . 

A X 

This  sign  difference  is  accounted  for  in  subroutine  A2  when  the  forces 
are  computed. 
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b)  Moment  coefficients  - 


: = c . 

sin 

o' 

+ c , 

COS 

0 

m 

n 

m 

: = c . 

cos 

o' 

- c , 

sin 

0 

n 

n 

m' 

c.  Initialization  Subroutine 

Entry  point  All  in  module  C4I  initializes  the 
individual  fin  settings  at  time  = 0 from  data  input  on  type  3 input 
cards  (Section  IV .A).  Initial  values  of  the  fin  settings  are  computed 
from  the  combined  fin  settings  that  produce  pitch  (Sq) , yaw  (&r) , 
and  or  roll  (bp).  The  individual  fin  settings  computed  are: 

4>F^  = -Sp  + Sq  - Sr 

4sF 2 = -Bp  + Sq  + Sr 

ZiF^  = op  + Sq  - Sr  . 

= Bp  + Sq  + Sr. 

The  initialization  equations  for  the  individual  fin  settings  are  derived 
from  the  combined  fin  setting  parameters  under  the  constraint  that 

4F^  - 4F 2 ” 4J? g + £F^  = 0 . 

d.  Assumptions  and  Limitations 

1)  The  combined  fin  settings  that  produce 
pure  attitudes  of  pitch,  yaw,  and  roll  are  given  in  Figure  4.  The  sign 
convention  is  based  on  the  fin  angular  rotations  that  produce  pure  pitch. 

a)  A positive  fin  setting  for  pitch  (Sq) 
gives  a negative  pitching  moment. 

b)  A positive  fin  setting  for  yaw  (Sr) 
gives  a negative  yawing  moment. 

c)  A positive  fin  setting  for  roll  (&p) 
gives  a negative  rolling  moment. 

2)  Due  to  vehicle  fin  symmetry,  the  fin  pitch 
and  yaw  moment  coefficients  are  equal  and  the  fin  normal  and  side  force 
coefficients  are  equal. 


Sr  Sq 


hL 
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b) 

fnl 

5m 

Sq 

5q 

c) 

V 

C . 
m 

or 

tq 

d) 

V 

v 

6r 

Sq 

e) 

V 

Si 

Sq 

bq 

f) 

S' 

Si 

or 

6q 

g) 

C 

mr 

= 

C 

mq 

3)  In  subroutine  Al,  the  symbol  for  normal 
force  coefficient  C^,  was  changed  to  , . According  to  Figure  3,  the 

force  coefficient  , has  opposite  sign  of  C^.,,  However,  this  sign 

change  was  not  observed  in  programming  the  equation.  Thus,  the  equation 
for  normal  force  coefficient  uses  the  symbol  , but  has  the  sign  con- 
vention of  C , . 

N 

4)  Limitations  imposed  upon  the  angle  of 
attack  for  the  purpose  of  interpolating  in  the  aero  coefficient  tables 
(Tables  1 through  4)  are  as  follows: 


a) 

a' 

1 < 20° 

• 

b) 

a 

< 20° 

• 

c) 

e 

< 20° 

• 

e.  Input/Output  and  Cross  Reference  of  C-Array 

The  aero  coefficient  names  are  changed  in  Al 
from  that  assigned  in  BLOCK  DATA  A and  B.  Table  2 is  a cross  reference 
of  array  names  that  are  assigned  in  BLOCK  DATA  and  the  nex^  names  that 
are  used  in  Al,  Table  3 is  a cross  reference  of  symbols  used  in  the 
text  and  their  respective  Fortran  symbols. 

2 . A2  - Forces  and  Moments 

a.  Function  Description 

This  module  computes  aerodynamic  forces  and 
moments  acting  on  the  vehicle,  computes  forces  and  moments  acting  on 
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TABLE  1.  INPUT  FROM  OTHER  MODULES  - MODULE  *1. 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

VMACH 

MACH 

204 

Instantaneous  value  of  Mach  number 

BALPHA 

a 

367 

Instantaneous  value  of  the  vertical  angle 
of  attack,  measured  from  the  projection 
of  the  missile  velocity  with  respect  to 
the  wind  into  the  Xg  - Zg  plane  and  the 

Xg  axis  (deg) 

BALPHY 

3 

368 

Instantaneous  value  of  the  horizontal  angle 
of  attack,  measured  from  the  projection  of 
the  missile  velocity  relative  to  the  wind 
into  the  Xg  - Zg  plane  and  the  velocity 

relative  to  the  wind  (deg) 

BALPHP 

oc ' 

369 

Instantaneous  value  of  the  total  angle  of 
attack  between  vehicle  Xg  axis  and  the 

relative  wind  velocity  (deg) 

BPHIP 

370 

Instantaneous  value  of  the  aerodynamic  roll 
angle  between  the  plane  containing  the 
Zn  - X axes  and  the  plane  containing  the 

IJ  D 

Xg  velocity  vector  relative  to  the  wind 
(deg) 

BSURFl 

*1 

1103 

Angular  fin  setting  of  fin  No.  1,  measured 
positive,  counterclockwise  (deg) 

BSURF2 

^2 

1107 

Angular  fin  setting  of  fin  No.  2,  measured 
positive,  counterclockwise  (deg) 

BSURF3 

af3 

1111 

Angular  fin  setting  of  fin  No.  3,  measured 
positive,  clockwise  (deg) 

BSURF4 

^4 

1115 

Angular  fin  setting  of  fin  No.  4,  measured 
positive,  clockwise  (deg) 

1 


TABLE  2.  AERjO  COEFFICIENT  COMMON  BLOCK  CROSS  REFERENCE 


COMMON 

BLOCK 

BLOCK  DATA  Arrays 

A1  Arrays 

NOS 

NCX(6),  NCZ(4),  NCXO(2) , NCZD(6) 

NCX(6) , NCN(4) , 

NCO(2),  NCD(6) 

CXARG 

ALP (6) , AM(3) 

CXA (9) 

CZARG 

ALP1 (6) , AMI (4) 

CZA (10) 

CXOARG 

AMZ  (8) 

CXB(8) 

CLDARG 

ALP3 (6) , DEF (4) , AM3(4) 

CLA(14) 

CXFUN 

CX(18) 

CXF(18) 

CZFUN 

CN(24) 

CZF (24) 

DCZFUN 

DCN(24) 

DCF  (24) 

CMFUN 

CM (24) 

CMF  (24) 

DCMFUN 

DCM(24) 

DMF  (24) 

CXOFUN 

CXO (8) 

COF (8) 

CN2FUN 

CN2(24) 

C2F (24) 

CY2FUN 

CY2(24) 

CYF (24) 

CL2FUN 

CL2(24) 

CLF (24) 

CL3FUN 

CL  3 (24) 

C3F (24) 

CZDFUN 

CN1 (24) , CN5(24) , CN3(24),  CN4(24) 

CDF (92) 

CMDFUN 

CMl (24) , CM2 (24) , CM3(24),  CM4(24) 

MDF (92) 

CI.DFUN 

CL1 (24) , CL5 (24) , CL6(24),  CL4(24) 

DLF (92) 

CMQFUN 

CMQ (24) 

CQF (24) 

CLPFUN 

CLP (24) 

CPF (24) 

TABLE  3.  AERO  COEFFICIENT  MATHEMATICAL  SYMBOL  AND  FORTRAN 
SYMBOL  CROSS  REFERENCE 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

COMMON  BLOCK 
Starting  Point 

CXO 

cxo 

COF  ( 1 ) 

CX 

ACx 

CXFUN (1) 

CN 

CN'(a') 

CZFUN (1) 

DCN 

acn' 

DCZFUN (1) 

CM 

cm'(a') 

CMFUN (1) 

DCM 

AC  , 
m' 

DCMFUN (1) 

21 


TABLE  3.  (Concluded) 


Symbol 

Fortran 

Used  in 

COMMON  BLOCK 

Symbol 

Text 

Starting  Point 

CN2 

ACn' 

CN2FUN(1) 

CY2 

CY' 

CY2FUN(1) 

CL2 

CL2FUN(1) 

CL3 

AC. 

CL3FUN(1) 

\ 

Lugs 

CN1 

CZDFUN(l) 

CN5 

I 

(C  N'\ 

CZDFUN(25) 

V :q/<S'=0 

CN3 

CZDFUN(49) 

CN4  ; 

CZDFUN(73) 

CL1 

CLDFUN(l) 

CL5 

(CA 

CLDFUN(25) 

> 

V ip /: ’=o 

CL  6 

CLDFUN(49) 

CL4 

, 

CLDFUN(73) 

CM1 

CMDFUN ( 1 ) 

CM2 

/c  ,\ 

I m 1 

CMDFUN(25) 

\ Eq /$'= 0 

CM3 

CMDFUN (4 9) 

CM4 

CMDFUN (73) 

CMQ 

C 

mq 

CMQFUN ( 1 ) 

CLP 

Clp 

CLPFUN(l) 

TABLE  4.  OUTPUT  - MODULE  A1 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

CX 

cx 

1203 

Total  axial  force  coefficient  value 
in  body  axis  system 

CY 

CY 

1204 

Total  side  force  coefficient  value 
in  body  axis  system 

CZ 

cz 

1205 

Total  normal  force  coefficient  value 
in  body  axis  system 

CLP 

°ip 

1206 

Roll  moment  damping  coefficient 

CMQ 

C 

mq 

1207 

Pitch  moment  damping  coefficient 

CNR 

Cnr 

1208 

Yaw  moment  damping  coefficient 

CL 

Ci 

1209 

Total  rolling  moment  coefficient 
value  in  body  axis  system 

CM 

c 

m 

1210 

Total  pitching  moment  coefficient 
value  in  body  axis  system 

CN 

C 

n 

1211 

Total  yawing  moment  coefficient 
value  in  body  axis  system 

BDL 

Sp 

1231 

Average  value  of  the  combined  fin 
settings  for  roll  control  (deg) 

BMD 

6q 

1232 

Average  value  of  the  combined  fin 
settings  for  pitch  control  (deg) 

BDN 

&r 

1233 

Average  value  of  the  combined  fin 
settings  for  yaw  control  (deg) 

the  missile  lugs  due  to  launch  rail  motion  and  missile  motion,  and  sums 
up  all  forces  and  moments  acting  on  the  vehicle  computed  in  this  module 
and  those  from  other  sources  (such  as  thrust  which  is  computed  in  A3) . 
The  resulting  forces  and  moments  output  from  this  module  are  the  total 
external  forces  and  moments. 

The  aerodynamic  forces  and  moments  consist  of  those  forces  and 
moments  acting  on  the  vehicle  and  the  moments  on  the  movable  control 
surface  hinge  points. 


J 
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The  aerodynamic  forces  and  moments  acting  on  the  vehicle  are  com- 
puted using  the  aerodynamic  coefficients  determined  by  table  lookup  in 
subroutine  Al. 

Lug  forces  and  moments  are  computed  for  missile  motion  along  the 
launch  rail  if  the  input  flag  0PTN4  is  greater  than  zero.  The  lug  forces 
and  moments  are  computed  for  two  flight  phases;  viz,  both  lugs  on  the 
rail  and  rear  lug  only  on  the  rail.  Printed  output  concerning  the  events 
along  the  rail  are  controlled  by  this  module.  The  events  are  (1)  front 
lug  rail  clearance  and  (2)  rear  lug  rail  clearance.  When  the  front  lug 
clears  the  rail,  the  output  is: 

FRONT  LUG  CLEARS  RAIL,  T = (time) 

REL  VEL  = (airspeed) , PITCH  MOMENT  = (pitching  moment  due  to 

rear  lug) 

TIPOFF  RATES  - ROLL,  PITCH,  and  YAW  missile  rates  following  rear 
lug  drop-off. 

The  output  pitching  moment  is  the  pitching  moment  computed  at  the 
first  time  point  after  front  lug  clearance.  No  interpolation  is  made 
to  determine  the  exact  time  of  front  rail  clearance. 

When  the  rear  lug  clears  the  rail,  the  output  is: 

REAR  LUG  CLEARS  RAIL,  T = (time) 

REL  VEL  = (airspeed),  RAIL  FORCE  = (the  Z-component  of  the  rail 

force)  . 

The  output  rail  force  is  the  force  exerted  on  both  the  front  and 
rear  lug  at  the  time  point  just  prior  to  front  lug  rail  clearance.  No 
interpolation  is  made  to  determine  the  exact  time  of  rear  lug  rail 
clearance. 

b.  Equations 

(1)  Moments  and  Forces  due  to  Aerodynamics 
and  Thrust.  Conventional  aerodynamic  force  and  moment  equations  are 
used  to  compute  the  forces  and  moments  in  the  missile  body  axis  system. 
They  are 
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a)  Vehicle  aero  forces  - 


PAXB  ‘ PDSA<-CX>* 
FAYB  = PDSA^V 
FA2B  ’ PDW  ’ 


where  is  dynamic  pressure,  is  the  vehicle  reference  area,  and  the 
C subscripts  are  the  aerodynamic  coefficients. 


b)  Vehicle  aero  moments  - 

/ / S, 


»AXB  ' VA 


M.vb  = C + C P^SAST 

AYB  l m mq  l 2V  I Q J DAL 


MAZB  = (cn  + cnr  2vJ  \)  PDSASL  * 


where  ST  is  the  vehicle  reference  length;  C„,  C , and  C are  the  aero 
L l nr  n 

moment  coefficients;  C , C , and  C are  the  damping  moment  coeffi- 

£ p mq’  nr  r ° 

cients;  V^  is  the  missile  velocity  relative  to  the  wind;  and  the  u) 
subscripts  are  the  vehicle  rotation  rates  about  their  respective  axes. 

Due  to  a CG  shift  from  the  vehicle  reference  axes,  delta  moments 
due  to  aerodynamic  forces  and  thrust  are  computed.  The  assumption  that 
the  shift  occurs  only  along  the  X-axis  is  made.  Thus, 


AYCG  ° 


*C.r  is  sent  into  this  module  with  the  sign  convention  of  C. . 

A A 

Therefore,  the  sign  change  is  made  here  to  account  for  the  sign  conven- 
tion used  In  this  program,  namely  C = -C. . 

X A 
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and 


Z 


CG 


0 


Therefore,  delta  body  moments  due  to  the  CG  shift  are: 


Z&X  = 0 

-'My  » (F 

*»Z  - (F 


AZB  + 

ftz) 

XCG 

AYB  + 

fty^ 

XCG 

9 

where  F,^  and  F are  the  thrust  misalignment  forces  along  the  Y and  Z 

body  axes  (computed  in  A3) , and  :Xrr  is  the  CG  shift  as  shown  in 
Figure  5, 


The  sum  total  of  the  external  body  forces  and  moments  computed  in 
this  module  and  input  from  the  engine  module  (A3)  are 

F = F + F 

XB  AXB  TX 

TT  = F + F 

YB  AYB  TY 

F = F + F 

ZB  AZB  TZ 


(Components  of  total  body  forces) 
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HXB  MAXB  + ^ Sc  Til 


MAYB  + ^ + >IYTH 


Y i In  / 

+ ' 


(Components  of  total  body  forces) 


tlZB  MAZB  + WZ  + MZTH 


where  is  the  thrust  misalignment  along  the  X-axis,  and 

and  are  the  body  moments  due  to  the  initial  thrust  misalignment 

(at  t = 0)  computed  in  the  engine  module  (A3) , The  missile  lug  forces 
and  moments  in  the  previously  mentioned  equations  are  added  while  the 
missile  is  still  on  the  launch  rail  if  the  flag  0PTN4  is  set  to  non-zero, 

(2)  Moments  and  Forces  Due  to  Lugs.  The 
moments  and  forces  acting  on  the  missile  while  moving  along  the  launch 
rail  are  shown  in  Figure  6,  The  variable  symbols  on  the  figure  are 
defined  as: 


F^j  - Thrust  vector  composed  of  (FT>.,  F^,  F^) 


FAER0  " Aerodynamic  force  vector  composed  of  (F^,  FAYB>  FAxfi)  . 
F.  - Force  acting  on  front  lug 

1j  -L 


F^2  " Force  acting  on  rear  lug 


W_  - Weight  vector. 
B 


M - Total  moment  vector 


d^  - Front  lug  moment  arm  . 


d2  - Rear  lug  moment  arm 
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d 


Fu2 


Figure  6.  Missile  free-body  diagram. 

The  forces  and  moments  are  due  to  the  missile  motion  and  the  rail 
motion  (helicopter  motion).  The  effect  of  rail  motion  is  modeled  as  a 
moment  ( 2]  (computed  in  subroutine  LTRAN)  and  is  added  to  the  total 
moments  acting  on  the  missile. 

The  forces  and  moments  acting  on  the  missile  due  to  the  lugs  for 
the  two  flight  phases  are  given  as  follows: 

(a)  Phase  1 - Missile  Flight  with  Both 
Lugs  on  the  Rail  - Lug  forces  are: 


FYLUG  ‘^FYB  + mg  C23^ 

FZLUG  = ng  (ZRAIL  " C33^  ’ FZB  * 

where  and  are  the  (2,3)  and  (3,3)  elements  of  the  earth-to-body 

transformation  matrix,  M,  defined  in  Section  III.B.7,  and  an 

unused  rail  acceleration  term  that  is  zeroed  out  in  A2. 
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Lug  moments  are: 


^ScLUG  “ " Xb 
XlUC  = ' TSfB 
MZLUG  = ‘ MZB 


(b)  Phase  2 - Missile  Flight  After  the 
First  Lug  Clears  Rail  - Lug  forces  are: 


fxlug  = 0 


M, 


ZB 


m|dx2  Tj  l(FYB  + m8C23> 


YLUG 


i ,2  m 
1 + d _ — 
x2  Iz 


x2 


^YB  ‘ ZRAIL 


,^FZB  + mgC33\ 


' ZLUG 


i ,2  m 

1 + d „ — 
x2  1^ 


Lug  moments  are: 


Xlug  “ >!xb 

^VlUG  = dx2  FZLUG 

m = _d  F 

ZLUG  x2  ZLUG 


( 3)  Total  External  Forces  and  Moments 
sum  of  all  external  forces  and  moments  acting  on  the  missile  are: 

a)  Force  components  - 


* XBA  FAXB  + ^TX  + FXLUG 


tYBA  lAYB  + FTY  + FYLUG 


F = F + F + F 
ZBA  AZB  TZ  ZLUG 


b)  Moment  components  - 


'SiBA  rlAXB  + ''xTH  + \lUG  + 


"SfBA  ‘'ayB  + >!YTH  + ^LUG  + + MY 


M = M + M + M + AM  + M 
ZBA  AZB  ZTH  ZLUG  Z Z 


c.  Random  Error  Sources 

(1)  Launch  Transient  Model.  The  variables 
associated  with  the  Monte  Carlo  launch  transient  models  are  given  in 
Section  III.B.2.e.  An  8-card  is  used  to  select  any  one  of  these  models 
(roll,  pitch,  or  yaw)  as  a Monte  Carlo  variable.  Roll  is  the  only  one 
of  the  three  that  requires  specification  of  a probability  distribution 
on  the  8-card.  The  pitch  and  yaw  models  do  require  8-cards;  however, 
the  probability  distribution  input  fields  are  left  blank  because  pitch 
and  yaw  are  randomized  indirectly,  as  explained  in  Reference  3. 

A mean  value  of  roll  rate  (WPTO)  is  input  by  3-card,  Mean  values 
of  pitch  and  yaw  rate  are  not  input,  because  the  mean  and  distribution 
of  these  two  variables  are  determined  from  solution  of  the  forcing 
function,  F(t).  However,  the  peak  amplitude  of  pitch  (AMP2)  and  yaw 
(AMP1)  moments  (due  to  helicopter  vibration)  must  be  input  by  3-card. 

In  addition,  the  flag,  VIB,  defined  in  Section  III.B.2.e  must  be  input 
equal  to  one. 


(2)  Pitch  and  Yaw  Randomization  Independent 
of  Launch  Transient  Model.  Pitch  and  yaw  tipoff  rates  may  be  random- 
ized from  an  input  probability  distribution  by  inputting  the  C-indices 
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of  pitch  and  yaw  rates  on  an  8-card.  This  capability  was  added  as  an 
option  to  directly  randomize  as  opposed  to  indirectly  randomizing  pitch 
and  yaw  rates  as  previously  mentioned.  Use  of  this  option  will  generate 
instantaneous  changes  in  pitch  and  yaw  rates  at  time  of  rear  shoe  rail 
exit.  This  option  was  added  primarily  to  allow  randomization  of  pitch 
and  yaw  rates  for  launch  from  a tower  or  ground  vehicle  in  which  there 
are  no  launcher  vibrations.  However,  this  option  can  be  exercised 
simultaneously  with  the  previously  mentioned  vibration  model.  Roll 
rate  randomization  previously  described  applies  equally  to  helicopter 
or  ground  launchers. 

d.  Input/Output  Variables  and  Cross  Reference  of 
C -Array 

Tables  5 through  7 present  the  input/output 
variables  and  cross  reference  of  the  C-array  of  module  A2. 


TABLE  5.  INPUT  FROM  DATA  CARDS  - MODULE  A2 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

RFAREA 

SA 

1306 

Aerodynamic  cross  section  reference 
area  (ft  ) . 

RFLGTH 

SL 

1307 

Aerodynamic  reference  length  used 
to  compute  also  moments  (ft) . 

RLUG 

1316 

Spacing  between  the  front  and  rear 
missile  lugs  (ft)  . 

RAIL 

RAIL 

1317 

Distance  between  rear  of  front  lug 
and  front  of  rail  (ft) . 

AGRAV 

8 

1627 

2 

Acceleration  due  to  gravity  (ft/sec  ). 

0PTN4 

3504 

Rail  launcher  dynamics  and  fire 
selector  option  switch: 

0 - no  rail  dynamics  - direct  fire 

1 - compute  rail  dynamics  - direct 

fire 

2 - compute  rail  dynamics  - 

indirect  fire  . 

TABLE  6.  INPUT  FROM  OTHER  MODULES  - MODULE  A2 


Symbol 

Fortran 

Used  in 

c 

Symbol 

Text 

Index 

Definition 

PDYNMC 

P 

203 

2 

Dynamic  pressure  (lb/ ft  ) 

VMACH 

M 

204 

Mach  number 

VAIRSP 

V 

MW 

207 

Magnitude  of  velocity  relative  to  the 
wind  (ft/ sec) 

RANGO 

RANG 

0 

380 

Magnitude  of  separation  distance  between 
rail  and  missile  (ft) 

CX 

cx 

1203 

Aero  axial  force  coefficient 

CY 

CY 

1204 

Aero  side  force  coefficient 

CZ 

cz 

1205 

Aero  normal  force  coefficient 

CLP 

CIp 

1206 

Aero  roll  damping  coefficient 

CMQ 

c 

mq 

1207 

Aero  pitch  damping  coefficient 

CNR 

Cnr 

1208 

Aero  yaw  damping  coefficient 

CL 

1209 

Aero  rolling  moment  coefficient 

CM 

c 

m 

1210 

Aero  pitching  moment  coefficient 

CN 

C 

n 

1211 

Aero  yawing  moment  coefficient 

FMX 

“y 

1737 

FMY 

1741 

Components  of  rail  moments  caused  by 
helicopter  vibration  (ft/lb) 

FMZ 

Mz 

1745 

FMXTH 

^SiTH 

1320 

FMYTH 

1321 

Components  of  thrust  misalignment  moments 
about  body  axes  (ft-lb) 

FMZTH 

mzth 

132*2 

RLCG 

“^CG 

1422 

CG  shift  along  X^-axis  (ft) 
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TABLE  6.  (Concluded) 


Fortran 

Symbol 

Symbol 
Used  In 
Text 

c 

Index 

Definition 

FTHX 

F 

TX 

1411 

FTHY 

F 

TY 

1412 

Thrust  misalignment  components  along  body 
axes  (lb) 

FTHZ 

ftz 

1413 

CFA23 

C23 

1723 

Element  (2,3)  of  earth-to-body  transforma- 
tion matrix,  M 

WP 

OJ 

p 

1739 

Roll  rate  about  X-axis  (deg/ sec) 
13 

WQ 

1743 

Pitch  rate  about  Y-axis  (deg/ sec) 
13 

WR 

JR 

1747 

Yaw  rate  about  Z^-axis  (deg/  sec) 

T 

t 

2000 

Flight  time  (sec) 

CFA33 

C33 

1735 

Element  (3,3)  of  earth-to-body  transforma- 
tion matrix 

WPTO 

^PTO 

1738 

Tipoff  roll  rate  (deg/ sec) 

AMP  2 

A 

m 

1742 

Peak  amplitude  of  pitch  moment  forcing 
function  (ft/lb) 

AMP1 

A 

m 

1746 

Peak  amplitude  of  yaw  moment  forcing 
function  (ft/ lb) 

VIB 

626 

Launch  transient,  vibration  flag  (pitch 
and  yaw  only) : 

0 - no  vibration 

1 - run  with  vibration 

TABLE  7.  OUTPUT  - MODULE  A2 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

FXBA 

fxb 

1300 

XL,,  - component  of  all  external  forces 

D 

acting  on  the  missile  (axial  forces)  (lb) 

FYBA 

fyb 

1301 

Yg  - component  of  all  external  forces 
acting  on  the  missile  (side  force)  (lb) 

FZBA 

fzb 

1302 

Z„  - component  of  all  external  forces 
acting  on  the  missile  (normal  forces)  (lb) 

FMXBA 

mxb 

1303 

Xp  - component  of  all  external  moments 

acting  on  the  missile  (rolling  moment) 
(ft-lb) 

FMYBA 

“y* 

1304 

Yg  - component  of  all  external  moments 

acting  on  the  missile  (pitching  moment) 
(ft-lb) 

FMZBA 

mzb 

1305 

Z - component  of  all  external  moments 

D 

acting  on  the  missile  (yawing  moment) 
(ft-lb) 

FMHl 

“hi 

1309 

Hinge  moment  about  aerodynamics  control 
surface,  fin  No,  1 (ft-lb) 

FMH2 

F1H2 

1310 

Hinge  moment  about  aerodynamics  control 
surface,  fin  No.  2 (ft-lb) 

FMH3 

^3 

1311 

Hinge  moment  about  aerodynamics  control 
, surface,  fin  No.  3 (ft-lb) 

FMH4 

“h4 

1312 

Hinge  moment  about  aerodynamics  control 
surface,  fin  No.  4 (ft-lb) 

FMXLUG 

^SlLUG 

1323 

(1)  X - component  of  moment  counter- 

D 

acted  by  the  front  and  rear  lugs  when 
both  lugs  are  on  the  rail 

(2)  Xg  - component  of  moment  acting  on 

the  rear  lug  when  the  front  lug  has 
cleared  the  rail  (rolling  moment, 
ft-lb). 
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TABLE  /.  (Concluded) 


r 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

FMYLUG 

M 

TCLU  G 

1324 

(1)  Y_  - component  of  moment  counter- 

D 

acted  by  the  front  and  rear  lugs  when 
both  lugs  are  on  the  rail 

(2)  Y_  - component  of  moment  acting  on 

the  rear  lug  when  the  front  lug  has 
cleared  the  rail  (pitching  moment, 
ft-lb) 

FMZLUG 

M 

ZLUG 

1325 

(1)  Z_  - component  of  moment  counter- 

D 

acted  by  the  front  and  rear  lug  when 
the  lugs  are  on  the  rail 

(2)  Z_.  - component  of  moment  acting  on 

B 

the  rear  lug  when  the  front  lug  has 
cleared  the  rail  (yawing  moment, 
ft-lb) 

e.  Monte  Carlo  Input  Variables  and  Cross 

Reference  of  C-Array 

Table  8 presents  the  Monte  Carlo  input  varia- 
bles and  cross  reference  of  the  C-array  of  module  A2. 

3 . A3  - Engine  Module 

a.  Function  Description 

The  engine  module  calculates  the  total  thrust 
(FTHRST)  as  a function  of  time,  using  a table  look-up  with  linear  inter- 
polation between  points.  If  the  input  engine  misalignment  switch, 
QNALGN,  is  greater  than  zero,  the  components  of  thrust  (FTHX,  FTHY,  and 
FTHZ)  along  the  body  axes,  XD , Y„,  and  Z„,  are  calculated  for  use  in 

determining  translational  accelerations.  The  corresponding  moments 
(FMXTH,  FMYTH,  and  FMZTH)  are  also  calculated  for  use  in  determining 
rotational  accelerations. 

Regardless  of  the  setting  of  the  thrust  misalignment  switch,  the 
engine  module  calculates  instantaneous  values  for  the  time  derivative 
of  impulse  (UIMPD)  , weight  of  burned  propellant  (UWP) , total  vehicle 
mass  (DMASS) , change  in  CG  offset  due  to  burned  propellant  (RDELCG) , 
moments  of  inertia  (FMIX,  FMIY,  and  FMIZ),  and  distance  between  the  CG 
and  rear  lug  (RLCG) . 
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TABLE  8.  MONTE  CARLO  INPUT  - MODULE  A2 


A burnout  switch  (QBURN)  is  set  to  one  when  the  first  zero  value 
is  returned  from  the  thrust  table  (indicating  propellant  burnout) . 

After  burnout,  the  engine  module  returns  control  to  the  calling  routine 
without  performing  any  calculations,  and  engine  related  Variables  retain 
their  burnout  values. 

b . Equations 

(1)  Calculated  when  Thrust  Misalignment 
Option  is  Selected  (QMALGN  > 0) . 


FTHX  = (FTHRST)  cos  (a  ) 

FTHY  = -(FTHRST)  sin  (q:^)  sin  ($>T) 
FTHZ  = (FTHRST)  sin  (cu)  cos  (4'T) 


Thrust  components  along 
body  axes  (Xg,  Yfi,  Z fi) 


FMXTH  = 


FMYTH  = 


FMZTH  = 


- (FTHY) (RFZCG)  4-  (FTHZ) (KFYCG)  j Moment  components  about 

f X , Y , and  Z axes  due 

(FIHX)  (RFZCG)  + (FTHZ)  (FFXCG)  \ M thrust  mlaaUgtnre„t 
-(FTHX)(RFYCC)  - (FTHY)  (FFXCG)  I 


where  the  terms  on  the  right-hand  side  of  the  equations  are  defined 
in  Figure  7. 


RFXCG 


orT  (IN-PLANE  MISALIGNMENT  ANGLE)  j 


-n  (OUT-OF-PLANE 

MISALIGNMENT  ANGLE) 


Figure  7.  Thrust  vector  geometry. 
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Thus,  the  magnitude  of  the  thrust  vector  is  FTHRST,  its  direction 
is  specified  by  the  angles  and  , and  RFXCG,  RFYCG,  and  RFZCG,  are, 

respectively,  the  thrust  application  offsets  from  the  missile  CG  along 
Kg , Yg,  and  Z^.  Note  the  values  of  RFXCG,  RFYCG,  and  RFZCG  are  to  be 

input  positive  in  the  direction  of  the  arrows  shown  in  Figure  7 to 
obtain  the  correct  sign  for  the  moments. 


Misalignment  Option. 


(2)  Calculated  Regardless  of  the  Thrust 


UIMPD  = FTHRST 


FMIZ  = FMIY 

RLCG  = RLCGO  + RDELCG  , 

where  the  following  terms  appearing  on  the  right-hand  side  of  the 
equation  are  inputs  and  are  defined  as: 

CISP  = Specific  impulse. 

DWT  = Missile  weight  including  propellant. 

UIMP  = Numerically  integrated  value  of  UIMPD. 

RDCGO  = Launch  value  of  CG  displacement  along  X^  from  body 
axes  origin. 

RDCGF  = Burnout  value  of  CG  displacement  along  Xfi  from  body 
axes  origin. 

RLCGO  = Distance  between  launch  CG  and  rear  lug. 
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FMIXO 

FMIYO 

FMIZO 


Initial  moments  of  inertia  about  X , 
respectively 


and  Zg 


axes, 


c.  Assumptions 

Although  the  instantaneous  CG  displacement 
from  the  body  axes  origin  (RDELCG)  is  calculated  for  use  in  the  forces 
and  moments  module  (A2)  , the  CG  shift  is  not  used  in  the  calculations 
for  the  instantaneous  value  of  moments  of  inertia;  the  moments  of 
inertia  are  modified  only  for  the  changing  mass. 


d.  Initialization  Subroutine 


The  engine  module  initialization  subroutine 

(A3I)  performs  functions  unrelated  to  the  engine  when  the  trajectory 

simulation  initialization  time  is  prior  to  engine  burnout.  Specifically, 

A3I  initializes  the  angular  body  rates  (oj  , gj  , and  w ) components  of 

ir  R 

the  angle  of  attack  and  roll  angle  (BALPHA,  BALPHY,  and  BPHIP)  to  zero 
when  simulation  initiation  is  prior  to  burnout.  The  significance  of 
these  initialization  actions  is  that  angular  rates  and  angles  of  attack 
will  always  be  initially  zero,  regardless  of  the  input  values.  This 
results  from  the  fact  that  A3I  is  called  after  the  input  subroutine, 
0INPT1,  and  prior  to  the  modules  in  the  integration  loop. 

When  simulation  initiation  is  after  engine  burnout,  A3I  zeros  all 
thrust  components  and  sets  moments  of  inertia,  CG  shifts,  and  vehicle 
mass  to  burnout  values. 

A3I  also  initializes  several  Monte  Carlo  variables.  Thrust  mis- 
alignment errors  due  to  radial  offset  and  nozzle  misalignment  are  set. 

A3I  initializes  the  roll  transient  model  used  in  conjunction  with 
the  optional  optical  contrast  seeker  described  in  Reference  3.  Section 
III.B.3.g  contains  a list  of  all  Monte  Carlo  variables  initialized  in 
A3I . 


e.  Random  Error  Sources  - Thrust 
Misalignment/Offset 

Thrust  misalignment  errors  due  to  radial  offset 
and  nozzle  misalignment,  shown  in  Figure  8,  are  modeled  in  module  A3. 
Monte  Carlo  values  are  generated  in  module  A3I.  Mean  values  of  the 
thrust  errors  are  set  by  input  data  cards. 

When  making  runs  that  include  thrust  misalignment/offset  errors, 
the  program  flag  QNALGN  must  be  set  equal  to  one.  If  it  is  not,  the 
logic  to  compute  thrust  component  values  from  the  Monte  Carlo  error 
values  will  be  bypassed  in  module  A3. 
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RADIAL  OFFSET 

Figure  8.  Thrust  misalignment/offset  error  model. 

The  variables  associated  with  the  thrust  misalignment/offset  error 
model  are  given  in  Section  III.B.3.g. 

f . Input/Output  Variables  and  Cross  Reference 
of  C-Array 

Tables  9 and  10  present  the  input/output 
variables  and  cross  reference  of  the  C-array  for  module  A3. 

g.  Monte  Carlo  Input  Variables  and  Cross 
Reference  of  C-Array 

Tables  11  and  12  present  the  Monte  Carlo 
input  variables  and  cross  reference  of  C-array  (launch  transient  and 
thrust  misalignment  variables,  respectively). 

4.  Cl  - Autopilot  Module 

a.  Function  Description 

The  autopilot,  illustrated  in  the  block  diagram 
of  Figure  9,  provides  pitch  and  yaw  guidance  signal  shaping,  short 
period  rate  damping,  and  navigation  ratio  mechanization  required  to 
implement  the  proportional  navigation  homing  guidance  technique.  In 
addition,  the  autopilot  maintains  roll  attitude  by  means  of  a roll 
control  network.  Pitch  and  yaw  feedback  is  accomplished  with  rate 
gyros,  while  roll  feedback  is  through  a 2 DOF  attitude  gyro  (modeled 
in  G5).  Gravity  effects  are  continuously  compensated  for  by  the  addi- 
tion of  a term.  The  autopilot  has  three  modes  of  operation  of 

the  seeker.  They  are  direct  fire,  direct  fire-delayed  guidance,  and 
indirect  fire. 
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TABLE  9.  INPUT  FROM  DATA  CARDS  - MODULE  A3 


Symbol 

Fortran 

Used  in 

C 

Symbol 

Text 

Index 

Definition 

RFXCG 

RFXCG 

nl 

Thrust  application  point  offset  along  X^, 
Y_,  and  Z body  axes,  from  CG  & 

RFYCG 

RFYCG 

mSml 

RFZCG 

RFZCG 

1315  j 

BALPHT 

n T 

1401  \ 

Engine  misalignment  angles  (Figure  7) 

BPHIT 

<ST 

1402  | 

QNALGN 

QNALGN 

1403 

Engine  misalignment  option  switch 
(QNALGN  > 0 selects  engine  misalignment) 

CISP 

CISP 

1414 

Specific  impulse  (sec) 

DWT 

DWT 

1415 

Missile  weight  (lb) 

DWP 

DWP 

1416 

Propellant  weight  (lb) 

RDCGO 

RDCGO 

1417 

Launch  value  of  CG  displacement  along 
X-body  axis  (ft) 

RDCGF 

RDCGF 

1418 

Burnout  value  of  CG  displacement  along 
X-body  axis  (ft) 

FMIXO 

FMIXO 

1419 

Initial  moments  of  inertia  about  X and  Y 

FMIYO 

FMIYO 

1420 

body  axes.  (Due  to  assumed  missile  axial 
symmetry,  FMIZF  is  taken  to  be  equal  to 

FMIYF  ) (slug-ft2) 

RLCGO 

RLCGO 

1421 

Distance  between  launch  CG  and  rear 
lug  (ft). 

TABLE  10.  OUTPUTS  - MODULE  A3 

Symbol 

Fortran  Used  in  C 

Symbol  Text  Index  Definition 

RDELCG  RDELCG  1308  Change  in  CG  shift  due  to  burned 

propellant  (ft) 

FMXTH  FMXTH  1320  | Moment  of  force  components  about  X,  Y,  and 

FMYTH  FMYTH  1321  ) Z body  axes  due  to  engine  misalignment  and 

FMZTil  FMZTH  1322  J displacement  of  thrust  point  application 

from  CG  (ft-lb) 


TABLE  10.  (Concluded) 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

FTHX 

FTHX 

Translational  thrust  components  along 

FTHY 

FTHY 

X,  Y,  and  Z body  axes  (lb) 

FTHZ 

FTHZ 

RLCG 

RLCG 

mm 

Distance  between  the  instantaneous  CG 

and  rear  lug  (ft) 

DMASS 

DMASS 

1628 

Instantaneous  missile  mass  (slug) 

FMIX 

FMIX 

1748 

Instantaneous  values  of  moments  of  inertia 

FMIY 

FMIY 

1749 

2 

FMIZ 

FMIZ 

1750  j 

about  X,  Y,  and  Z body  axes  (slug-ft  ) 

TABLE  11.  LAUNCH  TRANSIENT  MONTE  CARLO  VARIABLES 


Program 
Variable 
Name  of 
Error 
Source 

C 

Index 

of 

Error 

Source 

Program 

Module 

Calling 

MCARLO 

MCARLO 

Flag* 

Name 

Index 

Definition 

WPTO 

1738 

A3I,  A2 

1738 

Mean  tipoff  roll  rate 
(deg  sec) 

AMP  2 

1742 

A3I , A2 

1742 

Peak  amplitude  of 
pitching  moment  forcing 
function  (ft/ lb) 

AMP1 

1746 

A 31,  A 2 

1746 

Peak  amplitude  of 
yawing  moment  forcing 
function  (ft/lb) 

*M CARLO  is  flagged  by  the  C-index  of  this  variable  in  the  calling 
module. 

When  MCARLO  is  flagged  by  this  C-index,  a random  number  will  be 
returned  from  MCARLO  for  the  error  source  in  the  first  column. 
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TABLE  12.  THRUST  MISALIGNMENT  MONTE  CARLO  VARLXBLES 


Program 
Variable 
Name  of 

C 

Index 

of 

Program 

Module 

Calling 

MCARLO 

MCARLO 

Flag* 

Error 

Source 

Error 

Source 

Name 

Index 

Definition 

RFXCG 

1313 

A3I 

RFXCG 

1313 

Thrust  X-offset  (ft) 

RFYCG 

1314 

A3I 

RFYCG 

1314 

Thrust  Y-offset  (ft) 

RFZCG 

1315 

A3I 

RFZCG 

1315 

Thrust  Z-offset  (ft) 

BALPHT 

1401 

A3I 

BALPHT 

1401 

Thrust  in-plane 
misalignment  angle 
(deg) 

BPHIT 

1402 

A3I 

BPHIT 

1402 

Thrust  out-of-plane 
misalignment  angle 
(deg) 

NOTE:  See  Figure  7 for  pictorial  illustration  of  these  parameters, 

*MCARLO  is  flagged  by  the  C-index  of  this  variable  in  the  calling 
module. 

When  MCARLO  is  flagged  by  this  C-index,  a random  number  will  be 
returned  from  MCARLO  for  the  error  source  in  the  first  column. 


(1)  Direct  Fire.  In  the  direct  fire  mode, 
the  seeker  is  locked  on  to  the  target  (0PTN4  < 1,  TRKZY  = 1)*  and  the 
autopilot  pitch  and  yaw  channels  receive  guidance  signals  from  the 
seeker.  Normal  terminal  homing  guidance  is  in  effect.  The  pitch  and 
yaw  signals  may  be  biased  by  input  variables  Qg-^g  and  • 


(2)  Direct  Fire-Delayed  Guidance.  In  the 
direct  fire-delayed  guidance  mode,  the  seeker  is  locked  onto  the  target 
(0PTN4  < 1,  TRKZY  = 1,  TDY  >0).  However,  the  autopilot  receives  no 
guidance  signal  from  the  seeker  until  a specified  flight  time  of  TDY 
seconds  has  been  reached.  Preprogrammed  guidance  commands,  Qg-^gj 


*TRKZY  is  not  a user  input  parameter.  It  is  set  in  the  seeker 
initialization  module  based  upon  the  input  value  of  OPNT4. 
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, RATE  GYRO 


Figure  9.  Autopilot  block  diagram 


RglAS , and  the  gravity  compensation  term  G^^g  are  followed.  At  TDY 

seconds,  the  autopilot  begins  receiving  guidance  signals  and  normal 
terminal  homing  is  in  effect. 


(3)  Indirect  Fire.  If  the  seeker  is  in  the 
indirect  fire  or  caged  mode  (0PTN4  = 2,  TRKZY  =0),  then  a preprogrammed 
flight  profile  is  executed  by  using  the  Qg-^g  an<2  terms  to  command 


pitch  and  yaw  maneuvers.  Following  acquisition,  the  seeker  is  uncaged 
(TRKZY  is  set  to  1 in  the  seeker  module) , Qg-^g  is  removed  and  normal 
terminal  homing  is  in  effect. 


b.  Equations 

The  first  function  of  the  autopilot  is  to 

perform  appropriate  guidance  switching  and  signal  shaping.  If  the 

seeker  is  in  the  direct  fire  mode  (0PTN4  < 1,  TRKZY  = 1),  the  seeker 

output  signals  are  smoothed  and  shaped  by  a lead-lag  filter  with  one 

zero  at  t.  and  triple  pole  at  tv  for  yaw  and  t for  pitch.  Gravity 
L Y Z 

effects  are  continuously  compensated  for  by  the  addition  of  a G„T.„ 

D-LAo 


The  commanded  rate  signals  (JqC  and  RC)  are  differenced  with 

the  sensed  rate  (w_c  and  ) , the  feedback  signal.  The  resulting 

Rb 


error  signals  are  appropriately  summed  and  differenced  to  produce  the 
components  in  the  missile's  pitch  and  yaw  axes.  These  signals  are 
compensated  by  a lead-lag  filter  with  real  zeros  at  40  and  15  rad/ sec, 
and  a complex  pole  pair  with  natural  frequency  and  damping  ratio 

d^.  Lastly,  the  signals  are  limited  to  keep  the  actuators  from 

hitting  their  stops. 


The  roll  control  system  attempts  to  maintain  a zero  roll  attitude 
via  a similar  filter  to  that  above  with  zeros  at  60  and  12  rad/ sec  and 
poles  at  natural  frequency  and  damping  d^.  The  pitch-roll  and 

yaw-roll  signals  are  summed  and  differenced  in  order  to  produce  the 
appropriate  reactions  with  the  four  actuators. 


c.  Initialization 


The  autopilot  initialization  subroutine,  ClI, 
moves  the  indices  of  the  C-array  which  contains  derivatives  utilized  in 
the  autopilot  module  into  the  array  IPL(I).  The  array  IPL(I)  is  used 
to  point  the  numerical  integration  logic  to  Hie  elements  of  the  C-array 
which  are  to  be  numerically  integrated. 

C4I  initializes  the  filters  and  integrators  of  the  autopilot 
module.  All  initial  conditions  are  set  to  zero. 
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C4l  also  contains  the  logic  for  randomizing  autopilot  error  sources. 
These  error  sources  are  described  in  Section  III.B.4.d. 

d.  Random  Error  Sources 


(1)  Pitch  and  Yaw  Errors.  The  autopilot  rate 
gyros  can  produce  errors  that  perturb  and  bias  the  autopilot  rate  loops 
and  degrade  the  sensitivity  of  the  autopilot.  Therefore,  the  primary 
errors  sources  of  these  rates  gyros  are  included.  Gyro  errors  (or  more 
correctly,  gyro  error  torques)  can  arise  from  a variety  of  different 
sources  and  are  usually  expressed  as  equivalent  gyro  drift  rates. 

Constant  gyro  drift  rates  result  from  uncompensated  bias  torques, 
Lc,  and  their  magnitude  is  usually  a measure  of  the  gyro  quality. 

Acceleration  sensitivity  is  primarily  a function  of  the  mass  unbalance 
about  the  gyro  output  axis,  i.e,,  the  center  of  mass  not  coincident 
with  the  output  axis.  Linear  accelerations,  A,  normal  to  the  output 
axis  produce  gyro  drift  rates  proportional  to  the  accelerations. 


The  last  gyro  error  source  to  be  considered  is  a characteristic 
due  to  the  inertia  of  the  gyro  float  assembly.  Angular  accelerations 
about  the  output  axis,  & cause  gyro  pickoff  angle  errors,  which  in 

turn  torque  the  gyro  through  the  electronic  caging  loop, resulting  in 
a gyro  drift  rate.  Thus,  the  total  gyro  error  rate  is 


= _£+  ? A 
H H A 


OA 

H 


OA 


where  H is  the  angular  momentum  of  the  rotor,  P is  the  pendulosity, 
and  J ^ is  the  moment  of  inertia  of  the  floated  assembly  about  its 

output  axis. 


The  autopilot  has  two  stabilizing  rate  gyros  mounted  to  sense 
inertial  rates  in  the  pitch  and  yaw  axes.  These  rate  gyros  are  mounted 
such  that  their  output  axes  are  aligned  with  the  platform  roll  axis. 
Hence,  the  error  rate  for  the  pitch  gyro  is 


cQ  KBQ  + KPQA  + K0AQ‘;P  5 


and  for  the  yaw  gyro 


w = K + K_  A + K . w_ 
eR  BR  PR  OAR  P 
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The  coefficients  are  user  specified  by  their  distribution  func- 
tions. Since  the  gyro  pendulosity,  Kp,  has  an  equal  likelihood  of 


occurring  anywhere  about  the  gyro  output  axis,  its  location  is  picked 
from  a uniform  distribution  prior  to  each  run. 

(2)  Roll  Errors.  Errors  relating  to  the  roll 
attitude  gyro  are  uncaging  errors  at  launch  and  drift.  These  error 
sources  are  described  in  Section  III.B.6.d  and  modeled  in  subroutine 
G5 . 

e.  Input/Output  Variables  and  Cross  Reference 

of  C -Array 

Tables  13,  14,  and  13  present  the  input/output 
variables  and  cross  reference  of  C-array  for  module  Cl. 

f . Monte  Carlo  Input  Variables 

The  variables  associated  with  the  Monte  Carlo 
operation  of  the  autopilot  are  given  in  Table  16.  The  mean  values  of 
these  variables  are  input  by  3-cards,  and  the  probability  distributions 
are  input  by  8-cards. 

5.  C4  - Actuator  Module 

a.  Functional  Description 

The  actuator  system  utilizes  four  independently 
controlled,  pneumatically  powered  servos  to  position  for  four  movable 
tail  fins.  Four  commanded  actuator  fin  position  signals  from  the 
autopilot  are  summed  with  the  negative  feedback  signals  from  the  fin 
position  potentiometers  on  the  actuator  mechanism.  The  resulting 
signals  are  used  to  pulse  width  modulate  constant  amplitude  square  wave 
signals.  These  signals  control  the  on-off  state  of  solenoid  valves 
which  are  contained  in  the  pneumatic  system  between  the  cold  gas 
pressure  source  and  the  servos.  An  actuator  position  loop  block  diagram 
is  depicted  in  Figure  10. 

b.  Equations 

The  actuator  system  shorn  in  Figure  10  was 
reduced  to  the  simple  first  order  transfer  function  shown  in  Figure  11. 

The  6 DOF  simulation  program  actuator  model  is  shown  in  Figure  12. 
This  model  is  identical  to  that  of  Figure  11,  with  the  exception  of  the 
rate  and  position  limiters.  As  long  as  actuator  operation  is  not 
saturated,  the  two  models  are  identical. 
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TABLE  13.  INPUT  FROM  DATA  CARDS  - MODULE  Cl 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

TDY 

TDY 

866 

Minimum  time  before  trajectory  pitch 
program  will  be  switched  to  terminal 
homing  guidance  (sec) 

GBIAS 

gbias 

854 

Gravity  bias  program  (deg/ sec) 

HLIMO 

^limo 

850 

Pitch  command  limit  (deg) 

HLIME 

^lime 

851 

Yaw  command  limit  (deg) 

QBIAS 

qbias 

852 

Pitch  rate-command  bias  (deg/ sec) 

RBIAS 

SlAS 

853 

Yaw  rate-command  bias  (deg/ sec) 

GZ 

Gz 

867 

Pitch  navigation  guidance  filter  gain 

GY 

gy 

855 

Yaw  navigation  guidance  filter  gain 

WP1 

WP1 

861 

Complex  pole  of  roll  control  filter 
(rad/ sec) 

DPI 

dpl 

862 

Damping  coefficient  of  roll  control  filter 

TAUZ 

Tz 

863 

Pitch  navigation  filter  pole  (rad/ sec) 

TAUY 

ty 

864 

Yaw  navigation  filter  pole  (rad/ sec) 

HLIMP 

iLLIMP 

865 

Roll  command  limit  (deg) 

WQ1 

°JQ1 

871 

Pitch  and  yaw  compensation  filter  complex 
pole  (rad/sec) 

DQ1 

dQl 

872 

Pitch  and  yaw  compensation  filter  damping 
coefficient 

TAUL 

tl 

877 

Pitch  and  yaw  navigation  guidance  filter 
zero  (rad/ sec) 

OPTN4 

OPTN4 

3504 

Fire  control  switch: 

1 - direct  fire 

2 - indirect  fire 

r 
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TABLE  14.  INPUTS  FROM  OTHER  MODULES  - MODULE  Cl 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

EZ 

Z 

403 

Seeker  output  - pitch  axis  (deg/ sec) 

EY 

407 

Seeker  output  - yaw  axis  (deg/ sec) 

BPH1 

353 

Missile  roll  attitude  from  roll  gyro 
(deg)  . 

WPD 

P 

1736 

2 

Missile  roll  acceleration  (deg/sec  ) 

ANGY 

A 

1677 

Translational  acceleration  along 
Yg-axis  (g) 

ANGZ 

A 

1678 

Translational  acceleration  along 
Zg-  axis  (g)  • 

AKBQ 

kbq 

829 

Pitch  gimbal  drift  rate  (deg/ sec) 

AKBR 

kBR 

830 

Yaw  gimbal  drift  rate  (deg/ sec) 

AKPQ 

KPQ 

833 

Pitch  gimbal  pendulosity  coefficient 
(deg/ sec/ g) 

AKPR 

kpr 

834 

Yaw  gimbal  drift  rate  (deg/ sec/g) 

AKOAQ 

koaq 

837 

Pitch  gimbal  output  axis/ roll 
coupling  coefficient  (sec) 

AKOAR 

koar 

838 

Yaw  gimbal  output  axis/roll  coupling 
coefficient  (sec) 

TRKZY 

TRKZY 

464 

Target  acquisition  switch: 

0 - not  acquired 

1 - acquired 

WQ 

WQ 

1743 

Missile  pitch  rate  (deg/ sec) 

WR 

"r 

1747 

Missile  yaw  rate  (deg/sec) 

T 

T 

2000 

Flight  time  (sec) 
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TABLE  15.  OUTPUTS  - MODULE  Cl 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

c 

Index 

Definition 

BDELTC(l) 

&cl 

856 

Commanded  position,  fin  No.  1 

BDELTC (2) 

°c2 

857 

Commanded  position,  fin  No.  2 

BDELTC (3) 

" c3 

858 

Commanded  position,  fin  No.  3 

BDELTC (4) 

& , 

c4 

859 

Commanded  position,  fin  No.  4 

TABLE  16.  MONTE  CARLO  INPUT  - MODULE  Cl 


Program 
Variable 
Name  of 
Error 
Source 

C 

Index 

of 

Error 

Source 

Program 

Module 

Calling 

MCARLO 

AKBQ 

829 

C1I 

AKBR 

830 

1 

C1I 

! 

AKPQ 

833 

! 

C1I 

AKPR 

834 

C1I 

AKOAQ 

837 

C1I 

akoar 

, 

838 

C1I 

829  Pitch  gimbal  drift  rate 
(deg/ sec) 

830  Yaw  gimbal  drift  rate 
(deg/ sec) 

833  Pitch  gimbal  pendulosity 
coefficient  (deg/sec/g) 

834  Yaw  gimbal  drift  rate 
(deg/ sec/ g) 

837  Pitch  gimbal  output 
axis/roll  coupling 
coefficient  (sec) 

838  Yaw  gimbal  output  axis/roll 
coupling  coefficient  (sec) 


*MCARLO  is  flagged  by  the  C-index  of  this  variable  in  the  calling 
module. 


When  MCARLO  is  flagged  by  this  C-index,  a random  number  will  be 
returned  from  MCARLO  for  the  error  source  in  the  first  column. 


50 


Figure  10,  Actuator  position  loop 


Figure  12.  6 JOF  simulation  actuator  model. 


Corresponding  to  limits  of  fin  movement  on  the  missile  and  torque 
motor  capability,  the  program  limits  the  maximum  fin  positions  to  ±20° 
and  maximum  torque  to  +WDELTL...  Fin  limiting  is  implemented  by  setting 
the  fin  position  derivatives,  g>^,  to  zero  whenever  the  absolute  value 

of  any  of  the  current  fin  position,  6^,  exceeds  20°, 

c.  Initialization  Subroutine 

The  actuator  initialization  subroutine,  C4I, 
moves  the  indices  of  the  C-array  which  contain  derivatives  utilized  in 
the  actuator  module  into  the  array  IPL(I).  The  array  IPL(I)  is  used 
to  point  the  numerical  integration  logic  to  the  elements  of  the  C-array 
which  are  to  be  numerically  integrated. 

C4I  also  contains,  as  an  entry  point,  the  initialization  routine 
for  Al,  the  aero  table  look-up  subroutine.  This  function  is  discussed 
in  the  initialization  subroutine  section  of  subroutine  Al, 

C4I  also  contains  Monte  Carlo  logic  for  generation  of  random  values 
for  actuator  and  fin  uncertainties.  These  are  described  in  Section 
III.B.5.d. 

Mean  values  of  the  electrical  and  mechanical  bias  errors  are  set 
to  zero  in  C4I. 

d.  Random  Error  Sources 

Error  models  to  approximate  mechanical  and 
electrical  bias  on  the  control  surfaces  (Figure  13)  were  modeled 


52 


Figure  13,  Control  surface  bias. 


independently.  Both  the  electrical  and  mechanical  bias  errors  were 
assumed  to  be  angular  errors  in  the  combined  fin  setting  of  roll,  pitch, 
and/or  yaw.  Module  C4I  initializes  the  individual  fin  settings  at 
time  = 0 from  input  data  cards  for  mean  values  of  roll  (BDP) , pitch 
(BDQ)  , yaw  (BDR) , and  Monte  Carlo  error  values  for  the  mechanical  and 
electrical  bias.  The  combined  error  values  are: 


DELTB  = FELECB  + FMECHB  (roll  setting  error) 
DELTQB  = FELECQB  + FMECHQB  (pitch  setting  error) 
DELTRB  = FELECRB  + FMECHRB  (yaw  setting  error) 


The  individual  fin  settings,  including  the  electrical  and  mechanical 
bias,  are: 

BDELT1  = -(BDP  + DELTB)  + (BDQ  + DELTQB)  - (BDR  + DELTRB) 

BDELT2  = - (BDP  + DELTB)  + (BDQ  + DELTQB)  + (BDR  + DELTRB) 

BDELT3  = (BDP  + DELTB)  + (BDQ  + DELTQB)  - (BDR  + DELTRB) 

BDELT4  = (BDP  + DELTB)  + (BDQ  + DELTQB)  + (BDR  + DELTRB) 

e.  Input/Output  Variables  and  Cross  Reference 
of  C-Array 

Tables  17,  18,  and  19  present  the  input/output 
variables  and  cross  reference  of  C-array  for  module  C4. 


f . Monte  Carlo  Input  Variables  and  Cross  Reference 
of  C-Array 


bles  and  cross 


Table  20  presents  the  Monte  Carlo  input  varia- 
reference  of  C-array  for  module  C4. 
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TABLE  L7.  INPUT  FROM  DATA  G\RDS  - MODULE  C4 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

BDP 

BDP 

1231 

Roll  fin  setting  (deg) 

BDQ 

BDQ 

1232 

Pitch  fin  setting  (deg) 

BDR 

BDR 

1233 

Yaw  fin  setting  (deg) 

WDELTL 

WDELTL 

1143 

Actuator  rate  limit  (deg  sec) 

GDELT 

gdelt 

1144 

Actuator  pole  (rad  sec) 

TABLE  18.  INPUT  FROM  OTHER  MODULES  - MODULE  C4 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

BDELTC(l) 

5, 

cl 

856 

BDELTC (2) 

&c2 

857 

BDELTC (3) 

' c3 

858 

BDELTC (4) 

6 , 
c4 

859 

DELTB 

DELTB 

1254 

DELTQB 

DELTQB 

1255 

DELTRB 

DELTRB 

1256 

Definition 


Commanded  fin  position  from  autopilot, 
fin  No.  1 

Commanded  fin  position  from  autopilot, 
fin  No.  2 

Commanded  fin  position  from  autopilot, 
fin  No.  3 

Commanded  fin  position  from  autopilot, 
fin  No.  4 

Monte  Carlo  fin  setting  error  in  roll 
(deg) 

Monte  Carlo  fin  setting  error  in  pitch 
(deg) 

Monte  Carlo  fin  setting  error  in  yaw 
(deg) 


| 

[ 

i 
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TABLE  19.  OUTPUTS  - MODULE  C4 


TABLE  20.  MONTE  CARLO  INPUT  - MODULE  C4 


Program 
Variable 
Name  of 
Error 
Source 

H 

Program 
Mo  du 1 e 
Call ing 
MCARLO 

MCARLO  Flag* 

Name 

Index 

Definition 

DELTB 

— 

1254 

C4I 

FELECB 

1101 

Electrical  bias  in 
roll  (deg) 

DELTB 

1254 

C4I 

FMECHB 

1106 

Mechanical  bias  in 
roll  (deg) 

DELTQB 

1255 

C4I 

FELECQB 

1102 

Electrical  bias  in 
pitch  (deg) 

DELTQB 

1255 

C4I 

FMECHQB 

1109 

Mechanical  bias  in 
pitch  (deg) 

DELTRB 

1256 

C4I 

FELECRB 

1105 

Electrical  bias  in 
yaw  (deg) 

DELTRB 

1256 

C4I 

FMECHRB 

1110 

Mechanical  bias  in 
yaw  (deg) 

*MCARLO  is  flagged  by  the  C-index  of  this  variable  in  the 
calling  module. 

When  MCARLO  is  flagged  by  this  C-index,  a random  number  will  be 
returned  from  MCARLO  for  the  error  source  in  the  first  column. 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

BDELT(l) 

1 

1103 

Actual  fin  position,  fin  No.  1 

BDELT(2) 

”2 

1107 

Actual  fin  position,  fin  No.  2 

BDELT(J) 

3 

1111 

Actual  fin  position,  fin  No.  3 

BDELT(4) 

4 

1115 

Actual  fin  position,  fin  No.  4 
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6. 


Dl  - Translational  Dynamics  Module 
Functional  Description 


a. 


The  translation  dynamics  module  calculates 
translational  accelerations  of  the  missile  in  both  the  earth  and  body 
coordinate  systems,  and  moves  the  missile  acceleration  components  to 
the  velocity  integrator  locations  in  the  C-array. 

The  missile  velocity  components  obtained  on  the  previous  integra- 
tion step  are  moved  to  the  position  integrator  locations  in  the  C-array. 
Missile  g acceleration  in  body  axes  are  obtained  for  information  pur- 
poses, If  the  target  motion  option  is  selected  on  input  (OPTARG  > 0), 
target  motion  derivatives  are  also  calculated  based  upon  input  values 
of  linear  acceleration  and  a turning  term.  The  target  acceleration 
and  velocity  components  are  moved  to  the  target  velocity  and  position 
locations  in  the  C-array. 

b.  Equations 

The  following  paragraphs  give  missile  related 
and  target  motion  equations. 

(1)  Missile  Related  Equal  ions . 

a)  Total  acceleration  in  body  axes  - 


AXBA 

FXBA 

AY  BA 

1 

FYBA 

DMASS 

AZBA 

B 

FZBA 

- 

_ 

B 


where  FXBA,  FYBA,  and  FZBA  are  calculated  in  the  force  s and  nor^nts 
module  (A2)  and  represent  the  sum  of  the  aerodynamic  and  thrust  forces, 
and  DMASS  is  the  instantaneous  total  vehicle  mass  calculated  in  the 
engine  module  (A3) . 


b) 


Total  acceleration  in  cartii  axes  - 


\X£ 

— - 
AXBA 

AYF. 

T 

* M 

AY  BA 

AZE 

V 

AZBA 

- 

u 

. 

B 


where  M is  the  transpose  of  the  earth-to-body  transformation  matrix, 
calculated  in  the  rotational  dynamics  module  (D2) . 
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Earth  axes  velocity  integrator  values 


VYED  = AYE 


AZE  + AGHAV 


where  AGRAV  is  the  acceleration  due  to  gravity.  The  "velocity  integrator" 
locations  in  the  C-array  (equivalenced  to  VXED,  VYED,  and  VZED  in  the 
translation  dynamics  module  (Dll)  are  the  actual  C locations  which  are 
used  in  the  numerical  integration  routine  AMRK. 


Body  axes  velocity  integrator  values 


VDYB  = M VYED 


g-acceleration  in  body  axes  - 


ANGY  = - VDYB 

g 


The  body  axes  accelerations  are  calculated  for  information,  and  can  be 
optionally  printed. 

f)  Earth  axes  position  integrator  values  - 


RYED  = VYE 


(2)  Target  Motion  Equations.  Several  input 
parameters  are  available  for  specifying  target  motion  during  the  simu- 
lation. One,  ATHRST,  represents  simply  the  magnitude  of  the  target 
acceleration  vector.  A second  parameter,  ATURNT,  represents  one  varia- 
ble in  the  calculation  of  the  rate  of  change  of  the  earth  plane  azimuth 
angle  (y)  of  the  velocity  vector,  where  the  second  variable  in  the 
calculation  is  the  instantaneous  magnitude  of  the  velocity  vector  itself. 
The  initial  azimuth  angle  (Vq)  can  be  input,  as  can  an  elevation  angle 

(7q) » where  the  sign  convention  of  these  angles  is  shown  in  Figure  14. 

A summary  of  the  kinds  of  target  motion  that  can  be  achieved  with  the 
input  target  motion  parameters  is  presented  in  Table  21. 
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TABLE  21 . TARGET  MOTION  SUMMARY 


ATHRST 

- 

ATURNT 

VTARG 

7 

V 

Target  Motion* 

0 

0 

0 

- 

- 

None 

0 

0 

> 0 

70 

•0 

Constant  velocity  of  target 
away  from  origin  in  the 
direction  specified  by 
(70>  q)- 

> 0 

0 

vo 

>0 

'0 

Constant  acceleration  of 
target  away  from  origin  in 
the  direction  (/q,  , q),  with 

initial  velocity  Vq. 

0 

> 0 

v0>  0 

'0 

*0 

Constant  magnitude  of 
velocity,  initially  in  the 
direction  of  (7 , Vq) > with 

direction  of  velocity  vector 
changing  at  a constant 
rate  determined  by  ATURNT 
and  VQ. 

> 0 

> 0 

vo 

70 

^0 

Constantly  accelerating 
target  away  from  origin 
in  initial  direction  of 
(70>  Vq),  but  with 

increasing  (at  a decreasing 
rate)  with  time. 

*Note  all  of  the  motions  listed  in  Table  16  will  automatically 
be  initiated  from  the  origin  of  the  earth  axes  whenever 
0PTN2  > 0,  because  subroutine  Dll  sets  the  target  position 
coordinates  to  zero.  Also,  some  combinations  are  not  shown 
because  they  would  not  result  in  target  motion  due  to  the 
manner  in  which  the  equations  are  written.  Thus,  for  example, 
the  combination  of  ATHRST  = 0,  ATURNT  > 0,  VIARG  = 0,  (7  and 
V arbitrary)  would  result  in  no  target  motion. 
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0 


Figure  14.  Target  motion  velocity  vector*. 


VTARGD  = (ATHRST) (AGRAV) , 


where  VTARG  is  the  target  velocity  integrator  position  in  the  C-array, 
and  ATHRST  is  the  input  value  of  target  acceleration  in  g's. 


• = ATURNT 
VTARGD 


(AGRAV) (CRAD) 


where  \Jr  is  the  target  velocity  vector  azimuth  angle  (Figure  14),  ATURNT 
is  an  input  value  (with  units  of  g's)  which  partially  determine  the  rate 
of  change  of  the  azimuth  angle. 


The  components  of  the  target  velocity  vector  in  the  earth  system 
are  as  follows: 


VTXE  = VTARG  cos  (/.)  cos  (\|r) 

VTYE  = VTARG  cos  (7  ) sin  (V) 

VTZE  = VTARG  sin  (7Q) 

*NOTE:  A system  (X^,,,  t , Z£ , ) , parallel  to  the  earth  axis 

system,  has  been  defined  at  the  terminal  point  of  the  radius  vector 
to  emphasize  the  face  that  7 and  v specify  the  instantaneous  direc- 
tion of  the  target  velocity  vector  rather  than  the  radius  vector. 
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”■ 


— 


where  7 is  target  descent/ascent  (elevation)  angle  and  y-  is  target 
azimuth. 


ATHRST  is  input  in  g's  to  specify  the  magnitude  of  target  acceler- 
ation along  the  instantaneous  velocity  vector.  ATURNT  is  used  in  the 
equation  for  . . 


• • 

Thus,  v is  directly  proportional  to  ATURNT.  Since  y is  inversely 

proportional  to  VTARG  (which  will  be  increasing  with  time  if  ATHRST  > 0) 

, will  be  constantly  decreasing  with  time.  Thus,  t can  be  controlled 
on  input  for  any  desired  value  of  VTARG,  but  the  value  of  for  all  other 
times  will  be  a function  of  VTARG.  As  an  example  of  specifying  an  input 
value  for  ATURNT,  suppose  it  is  desired  to  have  \j/  = l°/sec  when 
VTARG  = 1 ft /sec.  Then,  solving  for  ATURNT, 


ATURNT  = 


(’)  (VTARG) 
(AGRAV) (CRAD) 


1 -deS 
sec 


32  ft 
2 

sec  g 


1 ft 
sec 

57.3  deg 


« (5.47)  (10-4)  g 


c.  Initialization  Subroutine 


The  translational  dynamics  initialization  sub- 
routine (Dll)  calculates  initial  missile  position  and  velocity  components 
according  to  one  of  seven  combinations  of  input  option  switches  0PTN2 
and  0PTN4.  Table  22  depicts  the  input  variables  required  for  each  option, 
where  the  variables  are  defined  as: 


RXE 

RYE 

RZE 

VXE 

VYE 

VZE 


BPSIO  I 
BTHTO  \ 
BPHIO  ) 

BTHTG  » 
BPSIG  f 


RSLANT 


Initial  missile  position  and  velocity  coordinates 
in  earth  axes  system. 


Euler  angles  orienting  body  axes  with  respect 
to  the  earth  axes  (see  Figure  C-l  in  Appendix  C) . 


Initial 

Initial 


gimbal  angles  in 
slant  range  from 


pitch  and  yaw,  respectively, 
missile  to  target. 
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TABLE  22.  INPUT  DATA  OPTIONS  FOR  INITIAL  VALUES 


Unrestricted 

Inputs 

Restricted  Inputs 

No  Rail 
Dynamics 

Rail  Dynamics  Included 

Direct  Fire 

Direct  Fire 

Indirect  Fire 

OPTN4 

0 

0 

0 

1 

1 

2 

2 

OPTN2 

0 

1 

2 

1 

2 

1 

2 

RXE 

X 

I 

X 

I 

X 

I 

X 

RYE 

X 

0 

0 

0 

0 

0 

0 

RZE 

X 

I 

X 

I 

X 

I 

X 

VXE 

X 

I 

I 

I 

I 

I 

I 

VYE 

X 

I 

I 

I 

I 

I 

I 

VZE 

X 

I 

I 

I 

I 

I 

I 

RTXE 

X 

0 

0 

0 

0 

0 

0 

RTYE 

X 

0 

0 

0 

0 

0 

0 

RTZE 

X 

0 

0 

0 

0 

0 

0 

BPSIO 

X 

I 

I 

X 

X 

X 

X 

BTHTO 

X 

I 

I 

X 

X 

X 

X 

BPHIO 

X 

0 

0 

0 

0 

0 

0 

BTHTG 

X 

X 

X 

I 

I 

X 

X 

BPSIG 

X 

X 

X 

I 

X 

X 

RSLANT 

X 

I 

X 

X 

I 

BSLOV 

X 

X 

X 

VWXE 

X 

X 

X 

X 

X 

X 

VWYE 

X 

X 

X 

X 

X 

X 

VWZE 

X 

X 

X 

X 

X 

X 

/ vmach\* 

X 

X 

X 

X 

X 

X 

y vmwte/ 

X - denotes  variables  that  must  be  specified  by  input  data  . 

I - denotes  variables  that  are  computed  internally. 

0 - denotes  variables  that  are  either  set  to  zero  initially  or  will 
be  computed  as  zero. 

*Input  YMACH  if  0PTN6  = 0;  input  VMWTE  if  OPTN6  = 1. 
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BLOSV 


Angle  between  line-o f-sight  and  earth  plane.  (Sign 
convention:  BSLOV  > 0 when  line-of-sight  is  above 

the  earth  plane.) 


WYt  > 
WZE  J 


Wind  velocity  components  in  earth  axes. 


VMACH 


Initial  missile  Mach  number. 


d.  Random  Error  Sources 

Dll  contains  three  Monte  Carlo  error  sources. 
Only  one  of  these  error  sources,  missile  launch  attitude,  is  directly 
related  to  the  function  of  Dl , that  is,  translational  dynamics  computa- 
tion. The  other  two,  roll  gyro  attitude  error  and  roll  gyro  drift  rates 
appear  here  because  the  error  values  are  required  in  the  initialization 
of  the  transformation  matrix  [A^]  and  the  initial  position  of  the  roll 

gyro  (XB0^>  yboi>  ybq)  that  are  used  in  subroutine  G5. 

(1)  Missile  Launch  Attitude.  Missile  launch 
attitude,  illustrated  in  Figure  15  is  modeled  in  the  initialization 
module  Dll.  The  attitude  angles  BTHTO , TPHIO,  and  BPSIO  are  the  mean 
error  sources  for  attitude  randomization.  BTHTO  and  BPSIO  mean  values 
are  input  quantities,  while  the  mean  value  of  BPHIO  is  set  to  zero  in  Dll, 


HELICOPTER  ATTITUDE 
VARIABLE  AT  LAUNCH 


MISSILE 


NOMINAL  LAUNCH 
DIRECTION 


TARGET 


Figure  15.  Missile  launch  attitude. 


(2)  Autopilot  Gyros.  Autopilot  roll  attitude 
gyro  errors  are  made  up  of  an  inertial  misalignment  at  uncaging  and 
drift.  The  inertial  misalignment  due  to  uncertainties  in  helicopter 
attitude  also  cause  missile  launch  attitude  errors  (Figure  16);  there- 
fore, it  should  be  remembered  that  the  probability  distributions  for 
these  two  error  sources  (launch  attitude  and  gyro  misalignment)  should 
be  the  same. 


62 


INERTIAL  MISALIGNMENT  AT  LAUNCH 


HELICOPTER  ATTITUDE 


Figure  16.  Autopilot  gyro  uncertainties. 


The  mean  error  sources  for  the  autopilot  gyro  misalignment  angles 
are  the  missile  launch  attitude  angles  BPHIO  and  BPSIO.  The  mean  values 
of  these  launch  attitude  angles  are  set  by  input  data  card.  The  mean 
error  sources  for  the  gyro  drift  components  are  P^  and  R^.  The  mean 

values  of  these  variables  are  set  to  zero  in  module  Dll. 

Gyro  drift  has  two  components  due  to  the  construction  of  the  auto- 
pilot gyro.  The  gyro  is  a 2 DOF  gyro;  thus,  it  rotates  independently 
about  two  axes.  The  rotational  axes  are  yaw  (R^)  and  roll  (P^) . The 

dynamical  equations  for  gyro  drift  rate  are  presented  in  Section 
III.B.ll.c. 


e.  Input/Output  Variables  and  Cross  Reference 
of  C-Array 

Tables  23,  24,  and  25  present  the  input/output 
variables  and  cross  reference  of  C-array  for  module  Dl. 

f . Monte  Carlo  Input  Variables  and  Cross 
Reference  of  C-Array 

The  Monte  Carlo  input  variables  and  cross 
reference  of  C-array  of  module  Dl  is  presented  in  Table  26. 

7.  D2  - Rotational  Dynamics  Module 

a . Functional  Description 

The  rotational  dynamics  module  calculates  the 

numerical  values  for  the  derivatives  of  the  vehicle  rotational  rates 

(jJ0,  oo_,  and  ) ) , and  the  elements  (C . . , i,j  = 1,  2,  3)  of  the  earth- 
r U R 

to-body  axis  transformation  matrix,  M. 
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TABLE  23.  INPUT  FROM  DATA  CARDS  - MODULE  DI 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

c 

Index 

Definition 

AGRAV 

AGRAV 

1627 

2 

Acceleration  due  to  gravity  (ft  sec  ) 

ATHRST 

ATHRST 

1629 

Input  constant  target  acceleration  (g) 

ATURNT 

ATURNT 

1630 

Target  turning  term 

bgamt 

7 

1631 

optarg 

OPTARG 

1639 

Target  motion  option  switch  (OPTARG  > 0 
for  target  motion) 

crad 

CRAD 

1751 

Radians  to  degrees  conversion 

bpsit 

7 

1647 

Target  azimuth 

RXE 

RXE 

1615 

Components  of  missile  position  in  earth 

RYE 

RYE 

1619 

fixed  coordinate  system  (ft) 

RZE 

RZE 

1620 

VXE 

VXE 

1603 

Components  of  missile  velocity  in  earth 

VYE 

VYE 

1607 

fixed  coordinate  system  (ft/sec) 

VZE 

VZE 

1611 

BPSIO 

BPSIO 

1754 

Autopilot  gyro  yaw  angle  (deg) 

BTHTO 

BTHTO 

1753 

Autopilot  gyro  pitch  angle  (deg) 

BPHIO 

BPHIO 

1752 

Autopilot  gyro  roll  angle  (deg) 

RSLANT 

RSLANT 

1667 

Initial  slant  range  from  missile  to 
target  (ft) 

BSLOV 

BSLOV 

1666 

Angle  between  line-of-sight  and  earth  plane 
(Sign  convention:  BSLOV  > 0 when  line-of- 

sight  is  above  earth  plane)  (deg) 

VWXE 

VWXE 

100 

Wind  velocity  components  in  earth  axes 

VWYE 

VWYE 

101 

(ft/sec) 

VWZE 

VWZE 

102 

TABLE  24.  INPUT  FROM  OTHER  MODULES  - MODULE  Dl 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

FXBA 

FXBA 

1300 

FYBA 

FYBA 

1301 

Components  of  total  forces  acting  on 

FZBA 

FZBA 

1302 

missile  in  body  coordinate  system  (lb) 

CFA11 

CFA11 

CFA12 

CFA12 

1707 

CFA13 

CFA13 

1711 

CFA21 

CFA21 

1715 

CFA22 

CFA22 

1719 

Elements  of  the  earth-to-body  transforma- 

CFA23 

CFA23 

tion  matrix,  M 

CFA31 

CFA31 

mm 

CFA32 

CFA32 

1731 

CFA33 

CFA33 

1735 

TABLE 

25 

. OUTPUT  - MODULE  Dl 

Symbol 

Fortran 

Used  in 

C 

Symbol 

Text 

Index 

Definition 

VXE 

VXE 

Components  of  missile  velocity  in  earth 

VYE 

VYE 

fixed  coordinate  system  (ft/sec) 

VZE 

VZE 

RXE  Q 

RXE 

Components  of  missile  position  in  earth 

RYE 

RYE 

fixed  coordinate  system  (ft) 

RZE 

RZE 

1620 

AXBA 

AXBA 

1624 

Components  of  total  missile  acceleration 

ayba 

AYBA 

1625 

2 

AZBA 

AZBA 

1626 

in  the  body  axes  (ft/sec  ) 

VTXE 

VTXE 

1660 

Components  of  target  velocity  in  the 

VTYE 

VTYE 

1661 

earth  system  (ft/sec) 

VTZE 

VTZE 

1662 

VDXB 

VDXB 

1663 

2 

Body  axes  acceleration  (ft/sec  ) 

VDYB 

VDYB 

1664 

VDZB 

VDZB 

1665 

ANGX 

ANGX 

1676 

g-accelerations  in  body  axes 

ANGY 

ANGY 

1677 

ANGZ 

ANGZ 

1678 

b . Equations 

The  rotational  derivatives  of  the  vehicle  are 
calculated  from  values  of  the  respective  moments  [calculated  in  the 
forces  and  moments  module  (A2)]  and  input  values  of  the  moments  of 
inertia.  The  equations  are: 


M. 


WP  I 


(roll) 


XX 


M 

Y 

WQ  = 


(IZ  " V ( P)  ( V 
' IYY 


(pitch) 


Mz  + (1x  - V < V 

Izz 


(yaw) 


where  M a = X,  Y,  Z,  denotes  the  moment  of  force  about  X,  Y,  and  Z 

» 

body  axes,  respectively;  I , Ot  = X,  Y,  Z,  denotes  the  moment  of  inertia 

'yet 


about  the  X,  Y,  and  Z body  axes,  respectively;  and  oi_ , u)A,  and  ou 

• i r U K 

m rad/ sec. * 


are 


If  0PTN3  > 0 [input  roll  option  switch,  C(3503)],  the  calculation 
•.Op  is  not  accomplished, 

roll  rate  is  maintained). 


of  Jp  is  not  accomplished,  and  missile  roll  is  not  simulated  (a  constant 


The  derivatives  (C„,  i>j  = 1»  2,  3)  of  the  elements  of  the  earth 

to  body  transformation  matrix,  M,  are  calculated  using  the  following 
equations: 


11  = 

(C  2 1 > 

(V 

- (c31) 

12  = 

(c22) 

(tV 

(c32) 

13  = 

(c23) 

<V 

(c33) 

(lJQ) 

21  = 

(c3l) 

(op) 

- (Cn) 

<V 

22  = 

(c32) 

(“p) 

- <C12> 

*Note  that  in  the  6 DOF  simulation  program,  w , to  , and  to  are  in 

r v R 

deg/sec,  so  the  factor  CRAD  = 57.295778  appears  where  appropriate. 
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C23  = 

(C33> 

(-p) 

- <C13> 

• 

Si  - 

<C11> 

(V 

- (c21) 

(p)  . 

C32  = 

(cl2) 

(V 

(c22) 

(-p)  . 

C33  = 

<cn> 

( q) 

(c23) 

( Wp)  . 

c 

. Assumptions 

assumptions  that 
zero,  and  (2)  the 

The  derivation  of  .jp,  and  requires  the 

(1)  the  products  of  inertia  (Ixy>  Ixz>  Iyz>  etc.)  are 
time  derivatives  of  the  principal  moments  of  inertia 

XX’  ■‘‘yy*  ^Z2?  are  zero’  Po:i-nt  at  which  these  assumptions  are 


(I„„,  I 

required  in  deriving  these  equations  is  discussed  in  Appendix  A. 


A derivation  of  the  matrix  element  derivations,  (C..),  is  accom- 

ij 

plished  in  Appendix  B.  No  limiting  assumptions,  other  than  that  the 
earth  fixed  coordinate  system  is  inertial,  are  required  in  the 
derivation. 


d.  Initialization  Subroutines 

A rotational  dynamics  initialization  subroutine, 
(D2I) , calculates  the  initial  earth  to  body  axis  transformation  matrix, 

M,  from  the  input  initial  Euler  angles  \|r,  0,  and  $,  which  are  defined 
as  follows: 

1)  A positive  rotation  (toward  Y£  from  X^,) 
of  y'  (degrees)  about  the  Z axis,  giving  a system  e'  (X1,  Y',  Z'). 

£i 

2)  A negative  rotation  (the  X'  axis  up  from 
the  plane  of  the  earth  axis  system)  of  0 about  the  Y'  axis,  giving  a 
system  e'  ' (X"  , Y"  , Z'  ')  . 

3)  A positive  rotation  (toward  Z'1  from  Y'') 
of  i>  degrees  about  the  X' ' axis,  given  the  body  axis  system 

W V V- 

The  angles  are  depicted  in  Figure  17  where  (X^, , Y^,  Z^,)  and 
(XB,  Yg,  Z ) represent  the  earth  and  body  axes,  respectively. 

The  resulting  transformation,  M,  from  the  earth  axis  system  to 
the  body  axis  system  is  given  by  the  following  equation. 
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Figure  17.  Euler  angle  geometry. 
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, a vector  V„ 

expressed  in 

the  earth 

axis 

system 

is  given  in 

the  body  axis  system  as  V0  = MVg.  The  transformation  is  derived  for 
reference  in  Appendix  C. 

e.  Input/Output  Variables  and  Cross  Reference 
of  C-Array 

Tables  27,  28,  and  29  present  the  input/output 
variables  and  cross  reference  of  C-array  for  module  D2. 

8.  G2  - Winds  Module 

a.  Functional  Description 

Subroutine  G2  models  the  time  varying  (gusts) 
component  of  the  winds  module.  If  the  Monte  Carlo  time  varying  component 
of  the  wind  has  not  been  selected,  then  G2  is  a dummy  routine  and  nothing 
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TABLE  27.  INPUT  FROM  DATA  CARDS  - MODULE  D2 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

CRAD 

1751 

J 

Radians  to  degrees  conversion 

factor 

0PTN3 

3503 

Roll  option  switch 

TABLE  28.  INPUTS  FROM  OTHER  MODULES  - MODULE  D2 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

FMIX 

| 

Instantaneous  values  of  2 

FMIY 

FMIZ 

moments  of  inertia  (slug-ft  ) 

FMXBA 

FMXBA 

Components  of  the  total 

FMYBA 

FMYBA 

9 

moments  of  force  about  the 

FMZBA 

FMZBA 

1305 

1 

body  coordinate  system 
(ft-lb) 

is  computed.  For  the  deterministic  mode  or  the  Monte  Carlo  steady  state 
mode,  the  one  time  wind  calculations  are  made  in  G2I.  The  wind  velocity 
components  are  referenced  to  the  earth  fixed  coordinate  system. 

b . Equations 

The  time  varying  wind  component  is  simulated 
by  passing  white  noise  through  the  first  order  filter  shown  in  Figure 
18.  The  time  varying  output  of  the  filter  is  added  to  the  steady  state 
wind  component  to  get  the  total  wind  velocity. 

The  wind  gust  model  contains  frequency  components  that  are  both 
a function  of  distance  and  time.  The  time  component  represents  a time 
varying  wind  at  a fixed  point  in  space  while  the  distance  component 
represents  the  variation  in  the  steady  state  component  with  range. 

Figure  19  illustrates  the  nature  of  the  range  dependent  steady  state 
wind. 

The  filter  constants  and  the  standard  deviation  of  the  output 
are  dependent  on  the  missile  and  quasi- steady  state  wind  velocities 
and  on  a parameter  referred  to  as  the  scale  length,  L^.  From  an 
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TABLE  29.  OUTPUT  - MODULE  D2 


Fortran 

Symbol 


CFA11 

CFA12 

CFA13 

CFA21 

CFA22 

CFA23 

CFA31 

CFA32 

CFA33 

WP 

wq 

WR 


Symbol 
Used  in 
Text 


"11 

"12 

"13 

"21 

"22 

"23 

"31 

"32 

"33 


WQ 


c 

Index 


1703 

1707 

1711 

1715 

1719 

1723 

1727 

1731 

1735 

1739 

1743 

1747 


Definition 


Elements  of  the  earth- to-body 
transformation  matrix,  M 


Roll  rate  about  X„-axis  (deg/ sec) 

D 

Pitch  rate  about  Y-axis  (deg/sec) 

D 

Yaw  rate  about  Z -axis  (deg/ sec) 

B 


GUST  COMPONENT/ 


STEADY  STATE 
COMPONENT.  VWTE 


Figure  18.  Wind  gusts  filter 


FAST 

FLIGHT 


SLOW 

FLIGHT 


Figure  19.  Space  dependent  wind  field  model 


examination  of  the  wind  profile  shown  in  Figure  19,  it  can  be  seen  why 
missile  velocity  and  direction  relative  to  the  wind  field  are  important. 
The  velocity  and  direction  determine  the  frequency  at  which  the  crests 
in  the  wind  field  are  struck  by  the  missile  as  it  flies  downrange.  The 
scale  length,  L^,  represents  roughly  the  longest  distance  that  two  points 

in  the  wind  field  can  be  separated  before  correlation  between  their 
velocities  becomes  zero. 


The  differential  equation  of  the  filter  is 


where  a^  is  composed  of  the  range  dependent  frequency  and  the  time 
dependent  frequency  - , or 


The  range  dependent  frequency  w is 


where  u is  the  projection  of  missile  velocity  (V ) onto  the  wind 
velocity,  or  MSLL 


u = 


V 

MSLE 


VWTE 

|vwte'| 


The  scale  length,  L^,  (an  empirically  determined  quantity)  is 


L = -12.1  a + 475 
u u 


The  time  dependent  frequency,  is 

_ I VWTE j 
JT  ~ VWTEM  * 

where  VWTEM  is  the  mean  value  of  the  probability  distribution  (Figure 
20)  from  which  the  steady  state  wind  (VWTE)  is  initialized  for  each  run 
of  a run  set  if  the  steady  state  wind  is  to  be  randomly  selected.  If 
however,  VWTE  is  not  randomly  selected,  but  instead  is  computed  from 
the  standard  deviation  of  the  gusts  via  the  equation  VWTE  = 2.9  a , 
then  u 


• vj,  = 1 rad/  sec 


P (VWTE) 


Figure  20.  Steady  state  wind  distribution. 
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Tlie  expected  standard  deviation,  cr^,  of  the  wind  gusts  model  is 
directly  proportional  to  the  steady  state  wind  component  jVWTEj  by 


The  option  to  compute  au  from  the  previously  mentioned  equation  or  the 
option  to  compute  |VWTE|  from 

IVWTEI  = 2.9  a 


is  left  to  the  user. 

c.  Initialization  Subroutine 

The  steady  state  wind  magnitude  WTE  and 
direction  BPSIW  (Figure  21)  are  modeled  in  module  G2I  as  Monte  Carlo 
variables.  The  mean  of  the  steady  state  wind  is  the  value  of  WTE 
input  by  type  3 data  card,  and  the  mean  of  the  wind  direction  is  the 
input  value  of  BPSIW  input  on  a type  3 data  card.  In  the  deterministic 
mode,  the  velocity  components  of  the  wind  are  computed  based  on  input 
values  of  wind  velocity,  and  wind  direction,  * as  s^own 

in  Figure  22.  G2l  also  computes  the  Monte  Carlo  initial  value  of  the 
time  series  wind  gusts. 

VXWIND  = "VWIND  C°S  ^WINlP 
VYWIND  = _VWIND  Sln  ^WIND^ 

VZWIND  “ ° 

d.  Random  Error  Sources 

The  Monte  Carlo  wind  model  consists  of  a steady 
state  wind  component  and  a time  varying  (gusts)  component.  Either 
component  of  the  model  may  be  randomized  independently  of  the  other. 
However,  when  exercising  the  time  varying  model,  consideration  must  be 
made  concerning  the  relationship  between  the  steady  state  wind  magnitude 
WTE  and  the  expected  standard  deviation  SIGU  (a  ) of  the  time  varying 

component.  This  relationship  was  given  in  Section  III.B.8.b.  Input 
combinations  of  the  steady  state  wind  and  the  time  varying  wind  is  given 
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Figure  21.  Wind  components. 


in  Table  30.  An  explanation  of  each  combination  follows  the  table. 

The  type  3 and  type  8 input  cards  referred  to  in  Table  30  are  explained 
in  Section  IV .A  , "Input  Card  Types." 

(1)  Monte  Carlo  Steady  State  Wind  Only.  The 
steady  state  wind  magnitude  and  direction  are  randomly  selected  for 
each  run  of  the  run  set  from  user  specified  probability  distributions. 

The  type  3 card  input  values  of  VWTE  and  BPSIW  are  the  mean  values  for 
the  probability  distributions. 

(2)  Monte  Carlo  - Both  Steady  State  and  Time 
Varying  Wind.  The  steady  state  wind  magnitude  and  direction  are  randomly 
selected  for  each  run  of  the  run  set  from  user  specified  probability 
distributions.  The  type  3 card  input  values  of  VWTE  and  BPSIW  are  the 
mean  values  for  the  probability  distributions.  The  time  varying  wind 
component  will  be  randomly  generated  from  MCARLO  white  noise.  The 
expected  standard  deviation  SIGU  will  be  computed  internally  from  the 
Monte  Carlo  value  of  VWTE  for  each  run  of  the  run  set. 

(3)  Monte  Carlo  Time  Varying  Wind  Only  - Input 
SIGU.  The  time  varying  wind  component  will  be  randomly  generated  from 
MCARLO  white  noise.  The  expected  standard  deviation  SIGU  is  input  via 
type  3 data  card.  The  steady  state  wind  magnitude  VWTE  is  not  randomly 
selected,  but  the  wind  direction  BPSIW  is.  VWTE  is  computed  internally 
from  SIGU.  It  should  be  noted  that  VWTE  = 0 must  be  input  via  type  3 
data  card. 

(4)  Monte  Carlo  Time  Varying  Wind  Only  - Com- 
pute SIGU.  The  time  varying  wind  component  will  be  randomly  generated 
from  MCARLO  white  noise.  The  expected  standard  deviation  is  not  input, 
but  is  computed  internally  from  VWTE.  The  steady  state  wind  magnitude 
VWTE  is  not  randomly  selected,  but  is  input  via  type  3 data  card.  The 
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TABLE  30.  WIND  INPUT  COMBINATIONS 


1 


wind  direction  BPSIW  is  randomly  selected  from  a user  specified  proba- 
bility distribution.  An  example  output  of  combination  (3)  is  given  in 
Figure  22 . 

e.  Input/Output  Variables  and  Cross  Reference 
■ of  C-Array 

Tables  31,  32,  and  33  present  the  input/output 
variables  and  cross  reference  of  C-array  for  module  G2. 


TABLE  31.  INPUT  FROM  DATA  CARDS  - MODULE  G2 


— 

Fortran 

Symbol 

Symbol 
Used  in 
Text 

c 

Index 

Definition 

OPTNW 

50 

Wind  option  selector: 

0 - no  winds 

1 - include  steady  winds 

BPSIW 

\tind 

51 

Wind  direction:  angle  between  wind 

velocity  vector  and  the  negative 
X-axis  (deg) 

VWTE 

V 

WIND 

52 

Wind  speed  with  respect  to  the 
ground  (ft/ sec) 

TABLE  32.  INPUT  FROM  OTHER  MODULES  - MODULE  G2 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

BLU 

L 

u 

56 

Scale  length 

WNDWO 

10_ 

T 

58 

Time  dependent  frequency 

SLWD 

• 

X 

59 

Filter  variable 

RLW 

^w 

60 

White  noise 

SLW 

X 

62 

Filter  variable 

CBPSIW 

COS 

65 

X-component  of  wind  direction 

SBPSIW 

Sin  ^WIND) 

66 

Y-component  of  wind  direction 

GSIGU 

69 

Temporary  variable  = a ^ ^ 

uy  At 

GSIGU 
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TABLE  33.  OUTPUT  - MODULE  G2 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

VWXE 

v 

i 

Components  of  the  wind  velocity 

1 

relative  to  the  earth  fixed 

WYE 

VYWIND 

■ VIJ 

9 

coordinate  system  (ft/sec) 

WZE 

V 

ZWIND 

mm 

1 

f . Wind  Monte  Carlo  Variables 

The  variables  associated  with  the  Monte  Carlo 
wind  model  are  given  in  Table  34. 


TABLE  34.  MONTE  CARLO  INPUTS  - MODULE  G2 


Program 
Variable 
Name  of 
Error 
Source 

C 

Index 

of 

Error 
Sou rce 

Program 

Module 

Calling 

MCARLO 

MCARLO  Flag* 

Name 

Index 

Definition 

BPSIW 

51 

G2I 

BPSIW 

51 

Wind  direction  (deg) 

WTE 

52 

G2I 

WTE 

52 

Steady  state  wind 
magnitude  (ft/ sec) 

GWTE 

70 

( G2l\ 
\G2  j 

GWTE 

70 

Total  wind  magnitude, 
steady  state  plus 
time  varying 

SIGU 

54 

Time  varying  wind 
standard  deviation 
(ft/ sec).  Input  by 
type  3 data  card 

ARLO  is  flagged  by  the  C-index  of  this  variable  in  the 
1 i i • module . 

A U.<>  is  flagged  by  this  C-index,  a random  number  will 
rr < ! from  MCARLO  for  the  error  source  in  the  first  column. 
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9. 


G3  - Air  Data 


a.  Functional  Description 

Subroutine  G3  computes  the  missile  velocity 
with  respect  to  the  wind,  and  two  atmospheric  properties,  density  and 
speed  of  sound.  The  magnitude  of  the  missile  velocity,  the  atmospheric 
density  and  speed  of  sound  are  then  used  to  compute  Mach  number  and 
dynamic  pressure. 

b.  Equations 

1)  Missile  velocity  with  respect  to  wind  - 

V = V - V 

MW  MISSILE  WIND 


2)  Missile  altitude  - 


h = -R  + R 

ZE  ZO 


Rze  = Z-component  of  missile  position  in  earth  coordinates 
R = Altitude  of  earth  coordinate  system  above  ground. 

3)  Atmospheric  density  - 


1 + kh  + k^h' 


pQ  = 0.076475 
k = 0.3325  X 10‘ 


kL  = 0.02315  x 10 


4)  Atmospheric  speed  of  sound  - 


a = k2h  + aQ 


aQ  = 1117.3 


-0.00392 


5)  Dynamic  pressure  - 

|v  1 2 

1 1 MW1 

P = 2 P e 

80 

6)  Mach  number  - 

|V_| 


c.  Input/Output  Variables  and  Cross  Reference 
of  C -Array 

Tables  35,  36,  and  37  present  input/output 
variables  and  cross  reference  of  C-array  for  module  G3. 

TABLE  35.  INPUT  FROM  DATA  CARDS  - MODULE  G3 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

c 

Index 

Definition 

RHZRO 

Rzo 

208 

Altitude  of  earth  fixed  coordinate 
system  above  ground  (ft) 

TABLE  36.  INPUT  FROM  OTHER  MODULES  - MODULE  G3 


Symbol 

Fortran 

Used  in 

Symbol 

Text 

VWXE  \ 

VWYE  > 
VWZE  ) 

V 

WIND 

VXE  | 

VYE  | 
VZE  ) 

VMISSILE 

RZE 

rze 

Wind  velocity  components  in  earth 
fixed  coordinate  system  (ft/ sec) 


Velocity  components  of  missile 
in  earth  fixed  coordinate 
system  (ft/ sec) 

Z-component  of  missile  position 
in  earth  fixed  coordinate 
system  (ft) 


TABLE  37.  OUTPUT  - MODULE  G3 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

VMWXE  | 

200  \ 

Components  of  missile  velocity 

VMWYE  ) 

V 

MW 

201 

relative  to  the  wind  in  the  earth 

VMWZE  ) 

202  J 

fixed  coordinate  system  (ft/sec) 

PDYNMC 

P 

203 

2 

Dynamic  pressure  (lb/ ft  ) 

VMACH 

M 

204 

Mach  number 

DRHO 

205 

3 

Atmospheric  density  (lb/ ft  ) 

V SOUND 

a 

206 

Atmospheric  speed  of  sound 
(ft/ sec) 

VAIRSP 

lVMW^ 

207 

Magnitude  of  missile  velocity 
relative  to  wind  (airspeed) 
(ft/ sec) 

RH 

h 

209 

Altitude  of  missile  above  ground 
(ft) 

10.  G4  - Terminal  Geometry 

a.  Functional  Description 

This  subroutine  monitors  the  line-of-sight 

vector  AR(t)  at  the  end  of  each  integration  step  to  determine  if  the 
point  of  closest  approach  (target  plane  intersection)  to  the  target 
has  been  passed.  If  the  closest  approach  point  has  been  passed,  inte- 
gration is  halted  and  the  time  of  closest  approach  (t^)  , the  position 

of  the  target  with  respect  to  the  missile  (ARq) , and  the  miss  distance 

(EMISS)  are  computed.  After  computation  of  the  miss  distance,  two 
optional  sets  of  data  are  also  computed  at  this  point.  If  there  are 
any  "type  10"  input  cards  (IMVCT  > 0),  then  the  mean  and  standard 
deviation  for  the  specified  "type  10"  parameters  are  computed.  Also, 
if  any  time  series  Monte  Carlo  variables  are  present  (ITCT  > 0) , then 
several  laser  spot  jitter  parameters  are  computed  and  printed.  These 
include  the  maximum  deviation  of  the  laser  spot  jitter  components  and 
the  mean  and  mean  square  values  of  the  spot  jitter  components.  After 
these  computations,  LCONV  is  set  to  2 to  flag  subroutine  STGE3  that 


the  trajectory  computation  is  to  be  terminated. 


The  time  and  position  at  closest  approach  are  computed  by  linear 
interpolating  the  time  (t^)  and  position  (aR^)  values  just  prior  to 

closest  approach  and  the  time  (t2)  and  position  (AR,,)  values  following 

closest  approach  (Figure  23).  The  time  and  position  values  following 
closest  approach  exist  as  current  values  of  time  (t)  and  position  (AR) 
on  the  trajectory,  while  the  time  (t^)  and  position  (AR-^)  just  prior  to 

closest  approach  were  saved  on  the  previous  pass  through  this  subroutine. 


G4  also  monitors  the  altitude  (RDELZ)  of  the  missile  relative  to 
the  target.  If  the  altitude  becomes  negative,  it  is  assumed  that  ground 
impact  has  occurred.  If  ground  impact  does  occur,  the  run  termination 
switch,  LCONV,  is  set  to  2 to  flag  STGE3  to  terminate  trajectory 
computation. 

After  bracketing  the  closest  approach  point  and  interpolation  for 
the  time  and  position,  the  following  parameters  are  output  via  this 
subroutine: 

Parameter  Definition 

RMISS  Miss  distance  (ft) 

tg  Flight  time  at  closest  approach  (sec) 


. 
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C(1568)  Minimum  spot  jitter  deviation  Y 

C(1577)  Maximum  spot  jitter  deviation  Z 

C(1578)  Minimum  spot  jitter  deivation  Z 

YMC  Spot  jitter  Y mean 

YMC2  Spot  jitter  Y mean  squared 

ZMC  Spot  jitter  Z mean 

ZMC2  Spot  jitter  Z mean  squared 

XMCSPOT  Spot  jitter  radial  root  mean  squared 
b.  Equations 

To  monitor  the  line-of-sight  vector,  the 
position  of  the  target  is  first  transformed  into  a flight  path  coordi- 
nate system  aligned  with  missile  velocity  by 


KFP  = [M]  AR 


where 


AR 


'AX 

AY 

AZ 


Position  of  target  with  respect  to  missile  in  a 
system  parallel  to  the  earth  fixed  coordinate 
system 
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RFP 


XFP 

YFP 

ZFP 


Position  of  target  with  respect  to  missile 
in  flight  plaee  coordinate  system 


and 

sin  7h  cos  7v  -sin  7y" 

cos  7h  0 

sin  7h  sin  7R  cos  yR 

The  previously  mentioned  transformation  involves  a rotation  from 
the  earth  fixed  axes  through  the  heading  angle  7 and  the  flight  path 

ri 

and  7„  to  the  flight  plane  coordinate  system  as  shown  in  Figure  24. 


M 


cos  7h  cos  7V 


-sin  7. 


H 


cos  7h  sin  7h 


Figure  24.  Flight  plane  coordinate  system. 


Transforming  the  line-of-sight  vector  into  the  flight  plane 
coordinate  system  simplifies  the  determination  of  closest  approach 
passage,  because  the  X-component  (XFP)  of  the  line-of-sight  will  be 
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zero  at  closest  approach.  This  condition  exists  because  the  X-axis 
(XFP)  is  coincident  with  the  velocity  vector  and  the  line-of-sight  is 
normal  to  the  velocity  at  the  closest  approach  point. 

To  determine  closest  approach  passage,  the  value  of  XFP  is  moni- 
tored. A positive  XFP  means  the  target  lies  ahead  of  the  missile.  A 
negative  XFP  means  the  target  lies  behind  the  missile.  When  the  value 
of  XFP  changes  sign  from  one  integration  step  to  the  next,  closest 
approach  has  been  bracketed.  At  this  time,  integration  is  halted  and 
the  time  (t^)  and  position  (Tl  ) of  closest  approach  is  computed  by 

interpolation.  Interpolation  is  performed  using  XFP  as  the  independent 
variable.  Thus, 


t0  tl  + PCT  ^2  ' 


ARq  = ARX  + PCT  (AR2  - ARX) 


and 


RFPq  = RFPj^  + PCT  (RFP 2 - RFPl) 

where 

XFPfl  - xfpl 

PCT  _ XFP2  - XFPl  ’ 

and  since  XFPq  = 0, 

-XFP1 

PCT  = XFP 2 - XFP1 

c . Assumptions  and  Limitations 

1)  The  line-of-sight  is  not  monitored  until 
a slant  range  becomes  less  than  500  ft. 

2)  For  a slant  range  greater  than  500  ft, 
the  Z-component  (RDELZ)  of  the  target  with  respect  to  the  missile  is 
monitored  to  determine  ground  impact. 

3)  The  flight  plans  coordinate  system  is 
aligned  with  the  missile  earth  fixed  velocity  vector.  If  appreciable 
target  motion  exists,  then  the  condition  that  the  X-component  (XFP)  of 
RFP  is  equal  to  zero  at  the  point  of  closest  approach  to  the  target  is 
not  precisely  true. 
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d.  Input/Output  Variables  and  Cross  Reference 
of  C-Array 

Tables  38  and  39  present  the  input/output 
variables  and  cross  reference  of  C-array  for  module  G4. 


TABLE  38.  INPUT  FROM  OTHER  MODULES  - MODULE  G4 


Symbol 

Fortran 

Used  in 

C 

Symbol 

Text 

Index 

Definition 

BGAMH 

7H 

357 

Horizontal  flight  path  angle  (heading) 
(deg) 

BGAMV 

7V 

358 

Vertical  flight  path  angle  (deg) 

RANGE 

371 

Distance  from  target  (ft) 

RDELX 

AX 

1635] 

Position  components  of  target  (line- 

RDELY 

AY 

1636 

of-sight)  with  respect  to  the  missile 

RDELZ 

AZ 

1637  ) 

in  earth  fixed  coordinate  system  (ft) 

T 

t 

2000 

Flight  time  (sec) 

ITCT 

ITCT 

3721 

Total  number  "type  8"  parameters 

IMVCT 

IMVCT 

3030 

Total  number  "type  10"  parameters 

IMVNDX 

3020 

The  mean,  standard  deviation  variable 
C-index  that  appears  on  the  "type  10" 
card 

YMC 

YMC 

1564 

Spot  jitter  Y mean 

YMC2 

YMC  2 

1565 

Spot  jitter  Y mean  squared 

ZMC 

ZMC 

1574 

Spot  jitter  Z mean 

ZMC2 

ZMC  2 

1575 

Spot  jitter  Z mean  squared 

11.  G5  - Coordinate  Conversion  Module 

a.  Functional  Description 

G5  computes  all  the  angles  pertaining  to  the 
position  and  velocity  of  the  vehicle  (the  proportional  navigation  angles 
and  look  vector  angles)  and  makes  three  coordinate  transformations. 
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TABLE  39.  OUTPUT  - MODULE  G4 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

LCONV 

LCONV 

2020 

Integration  termination  switch 

RMISS 

RMISS 

Miss  distance  (measured  in  target 

plane) 

RXF 

YFP 

301  I 

Position  components  of  target  with 

RYF 

YFP 

302  > 

respect  to  missile  in  the  flight 

RZF 

ZFP 

303  ) 

plane  coordinate  system  (ft) 

VSD 

"Type  10"  parameter  standard 

deviation 

VMEAN 

3010 

"Type  10"  parameter  mean 

The  components  of  the  spin  axis  of  the  2 DOF  gyro  (inertial  platform 
for  roll  attitude  stabilization)  is  computed  in  the  earth  fixed  coordi- 
nate system  along  with  the  two  Euler  angles  defining  the  orientation 
of  the  gyro  relative  to  the  body  coordinate  system.  The  angles  com- 
puted and  the  transformations  made  in  this  subroutine  are: 

1)  Euler  angles  of  the  body  coordinate  system  relative  to  the 
earth- fixed  coordinate  system. 

2)  Inertial  platform  gyro  spin  axis  position  components  and 
Euler  angles. 

3)  Target  position  with  respect  to  the  missile,  missile  total 
velocity,  and  missile  position  with  respect  to  the  moving  rail  launcher. 

4)  Transformation  of  missile  line-of-sight  from  earth  fixed 
coordinate  system  into  the  body  coordinate  system. 

5)  Vertical  and  horizontal  line-of-sight  angles. 

6)  Vertical  and  horizontal  proportional  navigation  angles. 

7)  Vertical  and  horizontal  flight  path  angles  of  the  missile 
with  respect  to  the  earth  fixed  axes. 

8)  Transformation  of  the  velocity  relative  to  the  air  from  the 
earth  fixed  coordinate  system  into  the  body  coordinate  system. 

9)  Angle  of  attack  with  respect  to  the  wind. 

a)  Vertical  (a)  and  horizontal  (3)  angles  of  attack. 

b)  Alpha  prime  ( a ' - absolute  angle  of  attack)  and  phi 
prime  (O'  - aerodynamic  roll  angle  with  respect  to  wind)  angles  (wind 
tunnel  axes) . 
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b . Equations 

(1)  Euler  Angles  of  the  Body  Coordinate 
System.  The  three  Euler  angles  (7,  0,  are  computed  from  elements 
of  the  earth-to-body  transformation  matrix,  [M] . The  matrix  is  com- 
puted in  D2,  the  rotational  dynamics  subroutine,  and  passed  into  this 
subroutine  by  the  COMMON  BLOCK  C.  The  matrix  is  defined  as 


11 

C12 

C „ 

c„„ 

21 

22 

23 

31 

C32 

C33 

The  relationship  between  each  element  value  and  the  three  Euler 
angles  is  given  in  Appendix  C.  It  can  be  seen  from  these  relationships 
that 

1 

roll) 


(Euler  pitch) 


-1  12 

ijr  = tan  — — (Euler  yaw) 

C11 


$ = tan  — — (Euler 

C33 


-C 


0 = tan 


yc1 


11 


13 

+ cl 


(2)  Inertial  Platform  Position  Components 
and  Euler  Angles.  The  inertial  platform  is  a 2 DOF  gyro.  The  gyro 
is  oriented  with  its  spin  axis  aligned  with  the  initial  Y-body  axis 
of  the  vehicle  as  shown  in  Figure  25 . The  outer  gimbal  is  aligned 
with  the  roll  axis  of  the  missile,  and  the  inner  gimbal  is  aligned 
with  the  yaw  axis  as  shown  in  Figure  26. 


Gyro  initial  orientation  matrices  are  set  in  D2I,  the  rotational 
dynamics  initialization  subroutine.  The  gyro  matrix  is  defined  as: 


AOu 

A012 

A013 

ao2i 

A°22 

A023 

A031 

A°32 

A°33 

k. 
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where 


AOn 

a°i2 

r 

*-4 

O 

< 

‘Cll 

C12 

°13 

*°21 

A°22 

AO  23 

= 

C21 

C22 

C23 

A°3i 

a°32 

A°33_ 

C31 

C32 

C33 

at  t = 0 


The  elements  are  taken  from  the  earth-to-body  coordinate  system 
transformation  matrix  M computed  at  the  initial  time  point  or, 

[AO]  = [MJ  . This  subroutine  (G5)  transforms  the  axes  of  the 

gyro  from  the  initial  body  coordinate  system  through  the  earth  fixed 
system  to  the  current  body  coordinate  system  and  then  computes  the 
roll  angle  detected  by  the  gyro.  Thus, 


\1 

XB0 

yb 

= [M] 

T 

[ AO  J 1 

ybo 

_ZB 

GYRO 

2 BO 

-I  GYRO 


Substituting  the  components  of  the  gyro  (X^  = 0,  Y^q  = 1,  Z = 0) 

into  the  previously  mentioned  equation  gives. 


_xb' 

C11A021  + C12A022  + C13A023 

yb 

= 

C21A021  + C22A022  + C23A°23 

1 

C31A021  + C3ZA022  + G33A023 

The  rail  angle  is  shown  in  Figure  27  and  is  computed  by 


(3)  Target  Position  (Line-of-Sight  Vector) 
with  Respect  to  the  Missile,  Nissile  Total  Velocity,  and  Missile 
Position  with  Respect  to  the  Moving  Rail  Launcher.  The  missile  total 
velocity  in  the  earth  fixed  coordinate  system  is 


TOTE 


+ V,„  + V 


XE 


YE 


ZE 
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Figure  27.  Gyro  Euler  angles. 


The  target  position  (line-of-sight  vector)  with  respect  to  the 
missile  (Figure  28)  is 


R = - Rg  (line-of-sight  vector) 

R = RT  - R-  (LINE-OF-SIGHT  VECTOR) 
V 1 E 


MISSILE 


Figure  28.  Earth  fixed  coordinate  system. 


To  determine  missile  separation  from  the  launch  rail,  the  position 
and  motion  of  the  rail  is  required  along  with  the  position  and  motion 
of  the  missile.  The  motion  of  the  rail  is  assumed  t£  be  composed  of  a 
constant  linear  velocity  with  respect  to  the  earth  (Vq,  the  missile 
initial  velocity,  Figure  29). 


AD-A032  048 


UNCLASSIFIED 


ARMY  MISSILE  RESEARCH  DEVELOPMENT  AND  ENGINEERING  LAB — ETC  F/G  16/4 
THAO  T-7  MISSILE  MONTE-CARlO  TlRMINAL  HOMING  SIMULATION  UTILIZI— ETC (U) 
JUL  76  C L LEWIS*  W R HOOKER*  A W LEE 

RG-7T-2  mi 


2 of  / 
ADA032048 


* 


V0  (INITIAL  VELOCITY  OF  MISSILE) 


The  initial  position  of  the  rail  is  assumed  to  be  RQ,  the  initial 

position  of  the  missile.  Thus , the  position  of  the  launcher  as  a 
function  of  time  in  the  earth  fixed  coordinate  system  is 

*L  “ *E  + V 

Missile  position  with  respect  to  the  launcher  then  becomes 

I ‘"^ML  = \ ~ \ * 

with  the  magnitude  of  the  separation  being 

[ RANG0  = + AYML  + ^ZML  * 
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(4)  Transformation  of  the  Missile  Line-of- 
Sight  from  the  Earth  Fixed  Coordinate  System  into  the  Body  Coordinate 


System,  Including  Line-of-Sight  of  Laser  Spot  with  Monte  Carlo  Spot 
J itter . The  line-of-sight  vector  in  the  body  coordinate  system  is 


Rtb  = [M]  «y 


If  the  spot  jitter  Monte  Carlo  option  is  on,  then 


R-jrg  = [M]  [R,^  + 


SJJ 


where  R , the  spot  position  in  the  target  plane  computed  in  subroutine 

O J 


SPOT,  is  defined  as 

0 

I 

Ro 


SJ 


SJ 


SJ 


(5)  Vertical  and  Horizontal  Line-of-Sight 


Angles . 


7h  = tan 


-1  YLOS 


^LOE 


-AZ. 


7V  = tan 


LOS 


+ ay2 

S LOS 


The  slant  range  from  missile  to  the  target  is  given  as 


RANGE 


'/,JCLOS 


+ • YLOS  + ‘^LOS 


where 


^OS 


AY, 


LOS 


L ^LOS 


R,  7 • 

V 


(See  Figure  30) 
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LOS 


ZE  TOXe.  Ye.Ze 

Figure  30.  Vertical  and  horizontal  line-of-sight  angles. 


(6)  Vertical  and  Horizontal  Proportional 
Navigation.  Vertical  and  horizontal  proportional  navigation  angles  are 
defined  in  the  coordinate  system  shown  in  Figure  31.  The  vertical  and 
horizontal  proportional  navigation  angles  gives  the  orientation  of  the 
missile  velocity  vector  relative  to  the  line-of-sight  vector.  In 
deriving  these  angles,  the  assumption  is  made  that  the  velocity  of 
the  target  is  negligible  with  respect  to  the  missile  velocity. 

This  coordinate  system  is  established  with  the  line-of-sight  vector 
as  the  LV^-axis;  LV2  is  normal  to  the  line-of-sight  vector  and  lying 

in  a horizontal  plane  and  LV^  completes  a right-handed  system.  The 

proportional  navigation  angles  are  the  angles  defining  the  orientation 
of  the  missile  velocity  with  respect  to  the  line-of-sight.  These  angles 
are  shown  in  Figure  31  . 

The  line-of-sight  coordinate  system  is  established  by 


LV 


1 


LV 


‘ ^OS 

(kgXLVj) 

I kg  X ^ 2. 1 


is  a unit  vector  along  the  Z^-axis,  and  X represents  a cross 
product. 
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Figure  31.  Proportional  navigation  angles. 


and 


LV3  = LVl  X LV2 


The  magnitude  of  k^,  X LV^  may  be  found  by  considering  that 
kg  X LVL  = kj,  X iHgQg 


and  that 


h x = sin  0)  7 


Now,  /XR  sin  3 is  simply  the  projection  of  ZJt  into  the  X^,  - Yj_.  plane. 
Thus, 


M sin  3 = 


Therefore, 


<“e  x lV 


2 /x2'  +^2"' 

v-^LOS  ' LOS 

To  determine  the  navigation  angles,  the  missile  velocity  is  pro- 
jected onto  each  axis  of  the  LV  coordinate  system.  This  produces  the 
components  of  the  velocity  in  this  system.  Thus,  the  angles  are 
computed  by 


0LV  = tan 


-1  VE 


V„  • LV, 


-1  VE 


*LV  = tan  = 


V„  • LV, 


(7)  Vertical  and  Horizontal  Flight  Path 
Angles  in  the  Earth  Fixed  Coordinate  System. 


7V  = tan 


' 2 2 

7 + V 

XE  YE 


7h  = tan 


-1/  VYE 


- — (see  Figure  32) 


' (8)  Transformation  of  the  Velocity  Relative 

to  the  Wind  from  the  Earth  Fixed  Coordinate  System  into  the  Bodv 


Coordinate  System.  The  velocity  of  the  missile  with  respect  to  the 
wind,  calculated  in  subroutine  G3,  is  transformed  into  the  body  axes  by 


*The  dot  represents  a dot  product. 
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THE  Xg  - Xs  PLANE 
CONTAINS  THE  Zg'AXIS 


Figure  33.  Angles  of  attack. 


From  spherical  trigonometry  and  assuming  a small  angle  of  side- 
slip, A,  (the  small  angle  allows  a right  triangle  to  be  formed  by 
the  chords  of  the  angles  , , and  ')  the  absolute  angle  of  attack, 
and  the  roll  angle  of  the  missile  with  respect  to  the  wind  axes, 
; ' , may  be  computed  based  on  snail  angle  approximations  by 


= ,2  + 


and 


. "1 
C = tan  ~ 


Conventionally,  small  angle  approximations  limits  the  angle 
magnitudes  to  approximately  10°.  However,  in  the  derivation  of  the 
previously  mentioned  equations,  half  angles  (t/2,  ‘ / 2)  appear  in  the 
formulas  that  are  simplified  through  the  small  angle  approximation. 
Thus,  since 


1-  “• 

and 

| £ 10° 
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M 


then 

a - 20° 

and 

1 < 20° 


is  allowed. 

c . Random  Error  Sources 

G5  contains  logic  for  the  computation  of  one 
Monte  Carlo  error  source,  the  roll  attitude  gyro  drift.  Dll  sets  the 
initial  value  for  this  error  source. 

(1)  Roll  Gyro  Drift.  The  roll  gyro  is  a 2 DOF 
gyro  and  is  assumed  to  have  drift  in  both  axes.  The  drift  rates, 

and  R^,  about  the  roll  and  yaw  axes,  respectively,  are  selected  randomly 

in  Dll.  The  effect  of  these  drift  rates  are  transformed  to  the  position 
coordinates  of  the  gyro  by 

X1  = R1  ZB01 

*1  = P1  ZB01 

Z1  - <P1  YB01  - Ri  W • 

Since  the  rates  are  assumed  to  be  constant,  gyro  position  can  be 
determined  by  direct  integration.  Thus, 


X1  = w 


Y1  - w + 1 


zi  = hoic 
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(The  integration  constants  for  the  position  coordinates  are  0,  1,  0 as 
stated  in  Section  III.B.ll.b). 

d . Input/Output  Variables  and  Cross  Reference 
of  C-Array 

Tables  40  and  41  present  the  input/output 
variables  and  cross  reference  of  C-array  for  module  G5. 


Symbol 


VMWXE 
VMWYE 
VMWZE  J 

VAIRSP 


QBURN 


RXO  1 
RYO  } 
RZO 


TABLE  40.  INPUTS  FROM  OTHER  MODULES  - MODULE  G5 


Definition 


Symbol 
Used  in 

c 

Text 

Index 

200  ) 

V 

MWE 

201 
202  ) 

207 

1405 

VXE 

1603 

VYE 

1607 

VZE 

1611 

1615  | 

*e 

1619 
1623  J 

1651  ) 

*T 

1655 
1659  J 

1668  | 

Ro 

1669 

1670  ) 

1671  | 

vo 

1672 

1673  ) 

Components  of  missile  velocity  relative 
to  the  wind  in  earth  fixed  system 
(ft/ sec) 

Velocity  magnitude  of  missile  relative 
to  wind  (ft/ sec) 

Engine  burnout  switch  (1  = burnout) 

Components  of  missile  velocity  in 
earth  fixed  coordinate  (ft/ sec) 


Position  components  of  missile  in  earth 
fixed  coordinate  system  (ft) 


Position  components  of  target  in  earth 
fixed  coordinate  system  (ft) 


Initial  position  components  of  missile 
and  rail  in  fixed  system  (ft) 


Initial  velocity  - components  of 
missile  and  rail  in  earth  fixed 
system  (ft/sec) 


TABLE  40.  (Concluded) 


Fortran 
S ymbo 1 

Symbol 
Used  in 
Text 

c 

Index 

Definition 

CFA11 

C11 

1703 

CFA12 

C12 

1707 

CFA13 

C13 

1711 

CFA21 

C21 

1715 

Elements  of  the  earth-to-body 

CFA22 

C22 

1719 

transformation  matrix,  M 

CFA23 

C23 

1723 

CFA31 

*31 

1727 

CFA32 

C32 

1731 

CFA33 

S3 

1735 

A021 

A0n 

1755  ] 

Position  components  of  gyro  1 (inertial 

A022 

AO  o o 

1756  / 

platform)  spin  axis  unit  vector  in 

22 

earth  fixed  coordinate  system 

A023 

CO 

CM 

o 

< 

1757  J 

A031 

A°31 

1758  ] 

Position  components  of  gyro  2 (inertial 

A032 

A0„„ 

1759 

platform)  spin  axis  unit  vector  in 

32 

earth  fixed  coordinate  system 

A033 

A033 

1760  I 

T 

t 

2000 

Flight  time  (sec) 

RSJYMC 

YSJ 

1680 

Y-component  actual  spot  location 

RSJZMC 

ZSJ 

1681 

Z-component  actual  spot  location 

RSPOTX 

1682  \ 

Target  position  components  in  earth 

RSPOTY 

1683 

fixed  system  with  spot  jitter  added 

RSPOTZ 

1684  j 

PI 

P1 

1764 

Roll  gyro  roll  drift  rate  (deg/sec) 

Rl 

R1 

1765 

Roll  gyro  yaw  drift  rate  (deg/ sec) 

102 


r 


TABLE  41.  OUTPUT  - MODULE  G5 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

BTHT 

d 

330 

Euler  pitch  angle  of  body  system  (deg) 

BPSI 

$ 

351 

Euler  yaw  angle  of  body  system  (deg) 

BPHI 

352 

Euler  roll  angle  of  body  system  (deg) 

BPH1 

*1 

353 

Euler  roll  angle  of  inertial  platform 
(gyro  1)  with  respect  to  the  body 
system  (deg) 

BTH2 

d2 

354 

Euler  pitch  angle  of  inertial  platform 
(gyro  2)  with  respect  to  the  body 
system  (deg) 

BPSI 

*1 

355 

Euler  yaw  angle  of  the  inertial 
platform  (gyro  1)  with  respect  to 
the  body  system  (deg) 

BPH2 

$2 

393 

Euler  roll  angle  of  inertial  platform 
(gyro  2)  with  respect  to  the  body 
system  (deg) 

VTOTE 

V 

TOTE 

356 

Missile  total  velocity  magnitude  in 
the  earth  fixed  frame  (ft/ sec) 

BGAMH 

357 

Horizontal  flight  path  angle  (heading) 
measured  clockwise  from  X^-axis  (deg) 

BGAMV 

*V 

358 

Vertical  flight  path  angle  measured 
positive  up  from  the  local 
horizontal  (deg) 

BTHLV 

eLV 

363 

Vertical  proportional  navigation  angle, 
measured  positive  doxmward  from  the 
line-of-sight  vector  to  the  projection 
of  the  missile  velocity  into  the 
vertical  plane  that  contains  the 
line-of-sight  vector  (deg) 

BPSLV 

*LV 

364 

Horizontal  proportional  navigation 
angle  measured  positive  clockwise  from 
the  line-of-sight  vector  to  the  projec- 
tion of  the  missile  velocity  into  the 
plane  containing  the  line-of-sight 
vector  and  normal  to  the  vertical 
plane  (deg) 

f 
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TABLE  41.  (Continued) 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

BLAMV 

\ 

365 

Vertical  line-of-sight  angle,  measured 
from  the  local  horizontal  to  the  line- 
of-sight  vector  (deg) 

BLAMH 

366 

Horizontal  line-of-sight  angle,  measured 
from  Xp-axis  to  the  projection  of  the 

line-of-sight  vector  into  local  horizon- 
tal plane  (deg) 

BALPHA 

~X 

367 

Vertical  angle  of  attack,  measured  from 
the  projection  of  the  missile  velocity 
with  respect  to  the  wind  into  the 
X_  - Z plane  and  the  X-axis  (deg) 

BALPHY 

3 

368 

Horizontal  angle  of  attack  (sideslip) 
measured  from  the  projection  of  the 
missile  velocity  with  respect  to  the 
wind  into  the  X - Z plane  and  the 

velocity  relative  to  the  wind  (deg) 

BALPHP 

Tt' 

369 

Total  angle  of  attack  between  vehicle 
Xg-body  axis  and  the  velocity  relative 

to  the  wind  (deg) 

BPHIP 

4' 

370 

Aerodynamic  roll  angle  between  the  plane 

containing  the  Z„  - X,,  axes  and  the  plane 
13  13 

containing  Xg  velocity  relative  to  the 
wind  (deg) 

RANGE 

RANGE 

371 

Slant  range  from  missile  to  the  target 
(ft) 

RXBA 

^BLOS 

372 

X-component  of  missile  line-of-sight 
(~ RgL0S)  in  body  coordinates  (ft) 

RYBA 

' Y 

BLOS 

373 

Y-component  of  missile  line-of-sight 
(.  -RgLOS^  in  coordinates  (ft) 

RZBA 

ZBL0S 

374 

E-component  of  missile  line-of-sight 
(7Kbl0S)  in  body  coordinates  (ft) 
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TABLE  41.  (Concluded) 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

RANGO 

rango 

380 

Magnitude  of  the  separation  distance 
between  the  rail  launcher  and  the  missile. 
(Measured  from  rear  end  of  launcher  to 
the  rear  lug  of  missile)  (ft) 

RXL 

^Sn, 

390 

X-component  of  the  missile  position  with 
respect  to  the  launcher  (ft) 

RYL 

■yml 

391 

Y-component  of  the  missile  relative  to 
the  launcher  in  the  earth  fixed 
coordinate  frame  (ft) 

RZL 

-ZML 

392 

Z-component  of  the  missile  relative  to 
the  launcher  in  the  earth  fixed 
coordinate  frame  (ft) 

RDELX 

•^LOS 

1635 

X-component  of  missile  line-of-sight 
CAR^Qg)  in  earth  fixed  coordinate 

system  (ft) 

RDELY 

ylos 

1636 

Y-component  of  missile  line-of-sight 
(ZR^g)  in  earth  fixed  coordinate 

system  (ft) 

RDELZ 

ZL0S 

1637 

Z-component  of  missile  line-of-sight 
( ^LOs)  eart^  fixed  coordinate 

system  (ft) 

e.  Monte  Carlo  Input  Variables  and  Cross 
Reference  of  C-Array 

Table  42  presents  the  Monte  Carlo  input 
variables  and  cross  reference  of  C-array  for  module  G5. 

12.  SI  - Seeker  Module 

The  seeker  module,  SI,  currently  used  in  the  6 DOF 
simulation  program  models  a quadrant  (laser)  tracker.  Two  other 
seekers,  a digital/linear  laser  seeker  and  an  optical  contrast  seeker, 
are  available  as  options  as  explained  in  Section  III.B.12.h. 
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TABLE  42.  MONTE  CARLO  INPUT  - MODULE  G5 


Program 
Variable 
Name  of 
Error 
Source 

C 

Index 

of 

Error 

Source 

Program 

Module 

Calling 

MCARLO 

MCARLO  Flag* 

Name 

Index 

Definition 

PI 

1764 

Dll 

PI 

1764 

Roll 

gyro  roll  drift  rate 

Rl 

1765 

Dll 

Rl 

1765 

Roll 

gyro  yaw  drift  rate 

*MCARLO  is  flagged  by  the  C-index  of  this  variable  in  the  calling 
module. 

When  MCARLO  is  flagged  by  this  C-index,  a random  number  will  be 
returned  from  MCARLO  for  the  error  source  in  the  first  column. 

a.  Functional  Description 

Figure  34  is  the  block  diagram  representation 
of  the  laser  seeker  as  it  is  implemented  in  the  6 DOF  simulation  pro- 
gram. The  transfer  functions  given  in  each  of  the  blocks  were  trans- 
formed by  use  of  the  M-method  into  state  variable  format  for  solution 
by  numerical  integration. 

There  are  options  in  module  SI  for  bypassing  the  lead  integral 
compensation  and  platform  compensation  that  are  not  shown  in  this 
block  diagram.  However,  these  options  are  dealt  with  in  detail  in 
the  following  sections. 

b . Equations 

(1)  Line-of-Sight  Calculation.  The  initial 
portion  of  the  module  logic  determines  target  position  (modeled  as  a 
point  source)  in  the  gimbal  axes.  This  operation  consists  of  trans- 
forming the  X,  Y,  and  Z components  of  target  position  from  the  body 
axes  to  the  gimbal  axes,  then  calculating  the  angular  offsets  (from 
the  gimbal  boresight  axis)  in  pitch  and  yaw. 

As  is  depicted  in  Figure  35,  the  gimbal  axes,  (X„,  Y_ , Z ), 

orientation  with  respect  to  the  body  axes,  (X  , Y,,,  Z ),  is  specified 

B B B 

by  two  rotations;  the  first  through  an  angle  of  \(r  about  the  Z -axis, 

G B 

and  the  second  through  an  angle  of  0 about  Y (the  sign  of  the  angles 

O G 

following  the  right-hand  rule  convention). 
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I 


Figure  35.  Gimbal  axes  coordinate  system. 


The  transformation  matrix,  M,  from  the  body  to  the  gimbal  axes  is 
given  by 

cos  Q cos  ’Jr  sin  \lr„  cos  6 -sin  v 

G G G 0 

[ M] G = -Sin  cos  'jf  0 

sin  Q cos  ^ sin  d sin  \|r  cos 

G G G G G 

Hence,  the  target  position  coordinates  in  the  gimbal  axes  are 


where  X^,  Y^,  and  are  the  target  position  coordinates  (line-of-sight 

vector)  in  the  body  axes  (computed  in  the  coordinate  transformation 
module,  G5) . 

The  offset  angles  (0  and  0 ) from  the  gimbal  boresight  axis  (X  ) 

Cj  1 G 

follow  directly  from  the  geometry  depicted  in  Figure  36 . 
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Figure  36.  Angular  offset  of  line-of-sight 

from  seeker  boresight  axis  (X ) . 

G 


Thus, 


(2)  Pulse  Hold  Logic.  The  sampler  and  zero 
order  hold  (ZOH)  represents  the  pulsed  nature  of  the  received  laser 
energy.  Modeling  of  these  events  is  done  by  holding  the  last  detector 
pulse  t seconds,  at  which  time  a new  laser  pulse  is  received.  Thus, 
the  seeker  detector  time  function  will  appear  as  shown  in  Figure  37. 

(3)  Seeker  Detector/Processor.  The  laser 
seeker  assembly,  mounted  on  a two  axis,  momentum  stabilized  platform, 
contains  a quadrant  detector  for  sensing  of  laser  energy  reflected 
from  the  target  and  focused  into  a fixed  diameter  spot.  The  detector 
output,  Figure  38,  is  processed  by  electronics  into  a signal  of  con- 
stant amplitude  that  changes  in  sign  as  the  spot  moves  from  quadrant 
to  quadrant.  Thus,  the  detector  output  signal  in  pitch  and  yaw  is 


-1 

3 = tan  — 

z x 


and 


-i  Is 

3 = tan  — “ 

Xg 
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LASER  PULSE  PERIOD; 
PULSE  HOLD  LOGIC  ACTIVE 
DURING  THESE  TIMES. 


TIME 


LASER  PULSES  MODELED 
TO  OCCUR  AT  THESE  POINTS 


Figure  37.  Pulse  hold  logic. 


OUTPUT 


1 


BZ 


BY 


» +1,  if  v,  > 0 
{ (pitch) 

» -1,  if  ;3Z  < 0 

( +1>  if  Bv  > 0 

{ (pitch) 

' -1,  if  3 < 0 


In  addition  to  the  +1  output,  two  instances  of  zero  output  are 
possible.  One  is  due  to  tracker  deadband  and  the  other  is  due  to  target 
moving  out  of  f ield-of-view  limits. 


(a)  Range  Dependent  Deadband 

Determination  - Range  dependent  deadband  determination  is  found  using 
the  following  equation: 


TKDB 


(¥)(’ 


RANGE  V 
32810  J 


y 


where  TKDB  is  one-half  the  total  range  dependent  deadband,  BDB  is  the 
input  total  deadband  normalized  to  10  km  (32,810  ft),  and  RANGE  is  the 
missile  to  target  slant  range.  A rationale  for  computing  deadband  in 

2 

this  manner  is,  the  reflected  laser  energy  will  vary  as  1/ (RANGE)  , so 
the  photoelectric  current  differential  between  the  four  quadrants  will 

2 

also  vary  as  a function  of  1/ (RANGE)  . Since  the  photoelectric  current 
differential  also  varies  by  the  amount  of  image  center  offset  from  the 
detector  center,  there  will  be  a minimum  detectable  image  offset  due 
to  detector  and  amplifier  noise.  Therefore,  if  (jp  j < TKBD)  BZ  = 0 

and  if  (| a j < TKBD)  BY  = 0,  set  pitch  or  yaw  detector  outputs  to  zero 

if  target  angular  offset  in  pitch  or  yaw  are  within  the  deadband. 


(b)  Target  In  or  Out 
Determination  - The  target  is  out  of  the  elliptical 
defined  by  ; and  , if 

32 

“2  + — > 1 


of  F ield-of-View 
field-of-view 


The  geometry  of  this  determination  is  shown  in  Figure  39. 

From  Figure  39,  using  small  angle  approximations  (specifically, 

the  Y and  '/.  coordinates  of  field-of-view  and  target  position  are  taken 

to  be  the  arc  lengths,  e.g.,  Y^.,.  r i /57.3,  with  angles  in  degrees), 

r UV  Y 

the  equation  for  the  field-of-view  ellipse  boundary  is 


1 
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57.3  57.3 


If  the  point  (Y , Z)  is  such  that  the  left  hand  side  is  greater 
than  1,  then  (Y , Z)  is  outside  the  field-of-view  ellipse.  Replacing 
Y and  Z with  the  target  components,  r P^f/57.3  and  r 3^57.3,  and 

cancelling  the  r's  and  the  57.3,  yields 


the  condition  for  the  target  being  outside  the  field-of-view. 

(4)  Direct  Fire:  Prelaunch  Lock-on  to 

Target  (0PTN4  = 1).  There  are  two  seeker  model  options  for  calculating 
autopilot  and  seeker  gimbal  torque  error  signals.  One  option  directly 
outputs  the  detector  error  signal  times  a gain  factor.  The  second 
integrates  the  detector  gainand  permits  a seeker  signal  shaping  term 
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and  a response  ti-me  factor  to  be  input  (lead  integral  compensation)  . 

In  both  of  these  options,  the  same  signals  are  used  for  both  the  auto- 
pilot and  the  seeker  gimbal  torque.  A third  option  (platform  compensa- 
tion, which  can  be  exercised  only  if  the  second  of  the  previously 
discussed  two  options  is  used)  allows  the  response  of  the  seeker  gimbal 
torque  signal  to  be  controlled  by  input  independently  of  the  autopilot 
signal . 


(a)  Detector  Error  Signal  Times  a Gain 
Output  Directly  - Detector  error  signal  times  a gain  output  directly  is 
found  using  the  following  equations: 


G 3 
s Z 

>.R  = 

G 3 

s y 

QP  = 

RP 

\r 

and  . 

and 


where  . ()  and  . ^ are  the  pitch  and  yaw  commands  to  the  autopilot,  and 
and  are  seeker  torque  commands. 

Kir 

(b)  Detector  Error  Signal  Lead  Integral 
Compensation  - Detector  error  signal  lead/ integral  compensation  is  found 
using  the  following  equations: 


Gs3Z  + ^ 
SL 


+ / G 3 + $ 

J s z 


dt 


Gs:\  + 4 ( 

. _ = — + | G 3 + <t  dt 

■.R  J s y 


SL 


0 


QP  = 

and 

TIP  “ \R  * 
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where  ■ is  an  input  term  which  can  be  used  to  change  the  operating 
level  of  the  detector  error  signal*,  and  is  an  input  seeker  signal 
lead  factor. 


The  block  diagram  for 
Figure  40.  An  analoguous 


">.Q 

block 


transformed  by  the  M-method,  is  shown  in 
represents  « . 


u4\Q 


Figure  40.  Error  signal  processing  when  u)  > 0. 

bL 


The  pulse  hold  logic  causes  3, 


Z 


and  3 

Y 


to  behave  as  a positive  or 


negative  unit  step  function,  depending  upon  whether  the  point  source 
target  is  in  the  upper  or  lower  two  quadrants  of  the  detector. 
Consequently,  the  term 


GS  + 


SL 


is  a step  function  with  amplitude  ±Gg,  when  $ = 0,  -.Og  = The  inte- 
grated term  is  a ramp  function  with  slope  +Gg.  The  quantity  contributed 
by  the  term  Gg  5 + ' / CT  , superimposed  on  the  ramp  function,  provides 

Z bL 

the  output  signal  ui  with  a faster  response  to  a detector  error  signal 
KQ 

change  than  would  be  obtained  with  only  the  integrated  term. 


(c)  Platform  Compensation  (Utilized  Only 
When  ^ >0)  - An  additional  seeker  signal  compensation  network  follow- 

ing the  lead  integral  compensation  is  optional.  The  equations  for  the 
compensation  network  are 

"LQS  = SN  " XQS^ 


*A  positive  input  value  of  , for  example,  would  cause  the  detector 
output  signal  to  ride  on  the  value  of  i > 0,  which  would  positive  bias 
the  pitch  and  yaw  error  signals  to  the  autopilot.  To  simulate  gyro 
drift,  4 can  be  used. 
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LRS  SN  ^ >.R 


LRS 


3> 


and 


QP 


= 

12 


RP 


LRS 

12 


LQS 


LRS 


The  block  diagram  for  Che  seeker  gimbal  torque  signals  is  shown 
in  Figure  41  for  the  pitch  channel  (an  analogous  block  can  be  drawn 
for  the  yaro-channel) , 


^,\Q 


Figure  41.  Platform  compensation  by  M-method 


transformation  (u  > 0) 


(d)  Seeker  Gimbal  Dynamics  - After 
calculation  of  the  seeker  error  signals  for  autopilot  and  seeker  gyro 
gimbal  torques,  the  seeker  module  transforms  missile  body  rates  to  the 
seeker  gimbal  axes  and  calculates  seeker  gimbal  angle  derivatives. 

Only  first  order  seeker  dynamics  such  as  seeker  drift  rate  and  gimbal 
coupling  are  considered. 

In  order  to  transform  missile  body  rates  to  seeker  gimbal  axes 


“ - 

_ 

"x 

P 

V 

II 

O 

Q 

Gimbal  Axes 

R 

Body  Axes 
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where  [M]_  is  the  body  axes  to  seeker  gimbal  axes  transformation  matrix. 

Because  the  seeker  is  not  gimbalied  about  the  X^-axis,  the  -component 
is  not  calculated, 

Cimbal  coupling  terms  are  given  by 


UZK=  3 (-8C+  O.L  *0) 

and 

UYK  ' 3 (-+G  - °‘l  V 


where 


S = Autoerection  drift  factor 
v n = Pitch  gimbal  angle 

VJ 


and 


'G 


Yaw  gimbal  angle 


Gimbal  angle  derivatives  are  given  by 
+ Sr 


QP  + CZ 


DZ 


+ C — + S 

RP  Y a-33  DY 


where 

^DZ’  SDY  = ^ee*<er  drift  rates 

^33  = (3 ,3)  element  of  the  body  to  seeker  gimbal  axes 

transformation  matrix,  M . 

Cj 

(5)  Indirect  Fire:  Launch  without  Lock-on 

to  Target  (0PTN4  > 1) . In  the  indirect  fire  mode,  the  missile  is 
launched  prior  to  target  lock-on.  The  seeker  is  caged  along  the  missile 
longitudinal  axis  (CAGE  = 0) , and  no  signals  are  processed  for  output 
to  the  autopilot.  Thus,  the  autopilot  operates  open  loop  with  respect 
to  the  seeker.  However,  the  autopilot  does  operate  closed  loop  about 
the  rate  sensor  gyros  of  the  autopilot  in  order  to  maintain  a controlled 
flight  until  target  acquisition  and  seeker  lock-on.  Target  acquisition 
in  this  case  refers  to  the  time  that  the  target  comes  into  the  field-of- 
view,  but  prior  to  the  time  that  it  crosses  the  midpoint  of  the  field- 
of-view  in  pitch  and  yaw. 
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Two  events  must  occur  for  target  acquisition.  One,  the  target  must 
be  close  enough  so  that  the  reflected  laser  energy  is  detectable  by  the 
seeker.  And,  two,  the  target  must  lie  within  the  f ield-of-view  of  the 
seeker. 

When  both  of  these  events  occur,  the  acquisition  phase  is  entered. 
The  seeker  is  then  slewed  toward  the  target  at  a constant  rate  based  on 
detector  output  of  +1  and  a high  gain,  Gg^.  Thus,  pitch  and  yaw  seeker 
commands  are 

'"QP  = GSXBZ 

and 


RP 


= gsxby 


When  the  target  crosses  the  centerline  of  the  seeker  detector,  the 
slew  commands  are  switched  out,  the  seeker  is  locked  on,  and  normal 
tracker  operation  is  begun.  At  this  point,  all  conditions  of  direct 
fire  are  in  effect. 


While  the  seeker  is  being  slewed  toward  the  target,  the  autopilot 
remains  open  loop  to  the  seeker.  No  autopilot  guidance  commands  are 
initiated  until  the  target  crosses  the  seeker  centerline.  When  this 
occurs,  the  switch  TRKZY  is  set  to  line  to  flag  the  autopilot  to  commence 
proportional  navigation  guidance. 


c . Assumptions  and  Limitations 


seeker  model: 


The  following  assumptions  are  made  in  the  6 DOF 


1) 

2) 

to  laser  designator  jitter. 

3) 

second  order  dynamics. 

4) 

the  input  PRF  and  are  always 


The  target  is  modeled  as  a point  source. 
The  point  source  may  include  motion  due 


The  seeker  2 DOF  gyro  is  modeled  without 


Reflected  pulses  are  always  present  at 
detected  when  in  the  field-of-view. 


a function  of  range  only 
coupling  terms  assume  an 
modeled. 


5)  Detector  image  resolution  deadband  is 

6)  The  seeker  pitch  to  yaw  and  yaw  to  pitch 
inertially  stabilized  platform. 

7)  Seeker  gimbal  angle  limiting  is  not 
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8)  Numerical  integration  must  be  synciironized 
with  sample  period  [4]  (t  at  ZOH)  in  order  to  insure  accurate  integra- 
tion. Logic  is  built  into  the  seeker  subroutines  to  insure  that  inte- 
gration and  sample  period  are  synchronized.  This  is  accomplished  by 


where 

T = ZOH  sample  period  (sec) 

AtT.mlr™  = Input  integration  stepsize  (sec) 
liNr  U i 

AINT(X)  = Computer  function  that  integer izes  the  argument  (X) 

At  = Integration  stepsize  that  the  program  will  use. 

The  above  function  will  always  compute  an  integration  stepsize 
that  is  equal  to  or  greater  than  the  input  stepsize.  Since  there  is 
an  upper  bound  on  the  stepsize  that  can  be  used  to  integrate  the 
differential  equations  in  this  simulation  program,  there  is  the  possi- 
bility that  a stepsize  larger  than  the  upper  bound  will  be  computed. 
(Upper  bound  is  approximately  12.5  msec,  with  the  exception  of  the 
optical  contrast  seeker  model  S2  which  has  an  upper  bound  of  approxi- 
mately 0.5  msec).  Therefore,  one  should  insure  that  a reasonable 
stepsize  is  input  and  verify  that  a reasonable  stepsize  is  computed. 

For  example,  if  the  sample  period  is  16.7  msec,  then  a stepsize  of 
8.35  msec  or  less  must  be  input  to  insure  that  the  computed  stepsize 
is  12.5  msec  or  less. 

The  first  assumption  results  in  all  of  the  seeker  optics  and 
detector  characteristics  (such  as  image  resolution,  saturation,  signal- 
to-noise,  etc.)  being  ignored.  The  implications  of  the  third  assumption 
are  essentially  self-explanatory;  the  simulated  gyro  behaves  as  a 
perfect  gyro  (with  the  exception  of  the  coupling  terms  and  drift) . 

The  fourth  and  fifth  assumptions  ignore  the  possibility  of  lost  pulses, 
attenuation  of  reflected  signals  due  to  atmospheric  conditions  designa- 
tor malfunction,  countermeasures,  etc.  The  sixth  assumption  is  not 
strictly  true  in  a gyro  which  is  processed  to  follow  the  line-of-sight . 
However,  the  assumption  would  not  be  severely  violated  with  a relatively 
stabilized  line-of-sight  seeker  boresight  angle.  If  the  6 DOF  model 
is  to  be  used  to  evaluate  candidate  seekers  components  (e.g.,  seekers) 
however,  more  precise  models  may  be  required. 
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d.  Initialization  Subroutine 

The  seeker  initialization  subroutine,  S1I, 
enters  the  indices  of  the  elements  of  the  C-array  which  contain  seeker 
module  generated  derivatives  into  successive  locations  in  the  IPL  array. 
The  IPL-array  points  the  numerical  integration  logic  to  the  elements  of 
the  C-array  which  are  to  be  numerically  integrated.  S1I  initializes  the 
IPL-array  with  the  indices  of  all  potentially  utilized  seeker  related 
derivatives,  despite  the  fact  that  the  number  of  derivatives  actually 
used  by  the  seeker  module  depends  upon  whether  the  input  values  of  the 
variables  ^ and  are  zero  or  positive.  The  only  potentially 

blj  jN 

detrimental  effect  of  this  is  to  cause  unnecessary  numerical  integrations 
to  occur. 

SlI  initializes  the  cage-uncage  switches  used  in  SI  as  a function 
of  the  setting  of  the  input  option  switch,  0PTN4.  Specifically,  if 
0PTN4  £ 1 (signifying  that  simulation  is  for  direct  fire,  lock-on  before 
launch) , the  seeker  gyro  caging  switches  are  set  to  the  uncaged  value 
(C'GE,  TKRY,  TKRZ,  and  TRKZY  all  equal  to  1),  reflecting  the  fact  that 
the  gyro  is  uncaged  before  direct  fire  launch.  If  0PTN4  > 1 (an  indirect 
fire  mode  simulation) , the  seeker  gyro  caging  switches  are  set  to  the 
cage  value,  zero. 

SlI  also  provides  initial  values  for  several  Monte  Carlo  variables 
including  seeker  output  starting  values  BY  and  BZ,  seeker  starting  time 

ST,  seeker  pointing  error  9 and  * , and  seeker  drift  S_„  and  S_„. 

ERR  ERR  DY  DZ 

e.  Random  Error  Sources 

(1)  Seeker  Pulse  Train.  The  seeker  output 
signal  starting  time  (ST)  and  initial  output  value  in  the  pitch  (BZ) 
and  yaw  (BY)  channels  are  initialized  through  calls  to  MCARLO  in  the 
seeker  initialization  module,  SlI. 

The  seeker  output  is  a bang-bang  signal  similar  to  that  shown  in 
Figure  42.  Therefore,  the  absolute  magnitude  of  this  signal  does  not 
change  the  probability  distribution  for  the  initial  value  of  the  seeker 
signal  represents  only  the  probability  of  the  sign  of  the  signal.  Thus, 
initial  values  of  BY  and  BZ  are  determined  from  a distribution  according 
to  the  sign  of  the  random  number. 

(2)  Seeker  Pointing  Error.  The  seeker  gimbal 

yaw  angle  and  the  seeker  gimbal  pitch  angle  „ are  initialize^ 

G G 

through  calls  to  MCARLO  in  the  seeker  initialization  module,  SlI. 

(3)  Seeker  Drift.  Two  elements  of  seeker 

drift  are  modeled.  They  are  on-axis  and  autoerection  drJ  : u . The 
equation  for  these  drift  elements,  in  the  yav  an:  'it:/;  c.  /nincls,  art 
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(BY  OR  BZ) 


1 

1 

1 

1 

1 

1 

1 

■ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Figure  42.  Seeker  pulse  train. 


^ZK  ~ S + V.)  + s 


and 


G'  DZ 


UVK  ‘ S„  <-fG  - °'1  V + V 


where 


S = Autoerection  drift  coefficient 

0) 

S = On  axis  drift  in  yaw 
S^  = On  axis  drift  in  pitch. 

f . Input/Output  Variables  and  Cross  Reference 
of  C -Array 

The  input/output  variables  and  cross  reference 
of  C-array  for  module  SI  are  presented  in  Tables  43,  44,  and  45. 

g.  Monte  Carlo  Input  Variables  and  Cross 
Reference  of  C-Array 


The  Monte  Carlo  input  variables  and  cross 
reference  of  C-array  for  module  SI  arc  presented  in  Table  46. 

ii . Other  Available  Seeker  Models 

Throe  optional  seeker  models  are  available  to 
the  Monte  Carlo  6 DOF  program.  They  are  obtained  by  dropping  the  SI 
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TABLE  43.  INPUT  FROM  DATA  CARDS  - MODULE  SI 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

RLOCK 

RLOCK 

445 

Maximum  quadrant  tracker  acquisition 
range  (ft) 

DT 

At 

446 

Laser  designator  puls.;  repetition 
time  (sec) 

BDB 

BDB 

447 

Tracker  deadband  (deg)  at  10  km 

CFOVZ 

Z 

448 

Total  seeker  f ield-o f-view  in  pitch 
(deg) 

CFOVY 

V 

449 

Total  seeker  field-of-view  in  yaw 
(deg) 

CSX 

Gsx 

450 

Seeker  acquisition  slew  command  rate 
(deg / sec) 

SEPS 

451 

Integration  shift  rate 

SWP 

s 

452 

Autoerection  drift 

GS 

Gs 

456 

Detector  output  gain  (deg/ sec) 

WSL 

"SL 

457 

Lead  integral  compensation  zero 
(rad / sec) 

WSN 

SN 

458 

Platform  compensation  pole  (rad/ sec) 

WL2 

\2 

459 

Platform  compensation  zero  (rad/ sec) 

type  2 input  card  and  adding  a new  type  2 card  for  the  desired  seeker 
model.  The  three  models  are  listed  as  follows: 


1)  Optical  contrast  seeker  - S2  module  [ 2] . 

2)  Optical  contrast  seeker,  low  frequencies  only  - S3  module  [ 2) . 

3)  Digital/ linear  laser  seeker  - S4  module  [ 5 ] . 

Eacli  of  the  three  modules  has  a module  number  to  be  punched  right- 
adjusted  in  column  25  of  its  type  2 card.  They  are  S2-29,  S3-30,  and 
S4-31.  These  numbers  control  which  module  is  called. 
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TABLE  44 


INPUT  FROM  OTHER  MODULES  - MODULE  SI 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

RANGE 

RANGE 

371 

Missile  to  target  slant  range  (line-of- 
sight  vector  magnitude)  (ft) 

RXBA 

S 

372 

X-component  of  slant  range  (in  body 
axes)  (ft) 

RYBA 

yb 

373 

Y-component  of  slant  range  (in  body 
axes)  (ft) 

RZBA 

ZB 

374 

Z-component  of  slant  range  (in  body 
axes)  (ft) 

WP 

P 

1739 

Missile  roll  rate  (in  body  axes) 
(deg/ sec) 

WQ 

Q 

1737 

Missile  pitch  rate  (in  body  axes) 
(deg/ sec) 

WR 

R 

1747 

Missile  yaw  rate  (in  body  axes) 
(deg/ sec) 

SDY 

SDY 

465 

Yaw  on  axes  drift  rate  (deg/ sec) 

SDZ 

SDZ 

466 

Pitch  on  axes  drift  rate  (deg/sec) 

TABLE  45 

OUTPUTS  - MODULE  SI 

Fortran 
| Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

| L'LAMQ 

~.Q 

403 

Seeker  pitch  error  signal  to  autopilot 

\LAMR 

‘.R 

407 

Seeker  yaw  error  signal  to  autopilot 

1 

CAGE 

461 

Seeker  gyro  cage-unca^e  switch 

| IKRZ 

462 

Acquisition  switch  for  pitch 

t 

463 

Acquisition  switch  • r yaw 

cquisition  -•  .cch  > r aut  pilot 


TABLE  45. 


(Concluded) 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

BY 

BY 

11 

Seeker  processor  output  value  in  yaw 

(deg) 

BZ 

BZ 

12 

Seeker  processor  output  value  in  pitch 

(deg) 

BEPSZ 

'z 

435 

Boresight  angle  in  pitch  (deg) 

BEPSY 

3y 

436 

Boresight  angle  in  yaw  (deg) 

WZ 

437 

WY 

L 

438 

Missile  body  rates  in  gimbal  axes 

BCDEFL 

439 

Total  deflection  of  gimbals 

WLQD 

408 

WLZ 

411 

WLRD 

412 

WLR 

415 

WLQDS 

416 

Seeker  state  variables 

WLQS 

419 

WLRSD 

420 

WLRS 

423 

BTHTGD 

• 

*G 

424 

Pitch  gimbal  angle  rate  (deg/sec) 

BTHTG 

90 

427 

Pitch  gimbal  angle  (deg) 

BPSIGD 

428 

Yaw  gimbal  angle  rate  (deg/ sec) 

BPSIG 

JG 



431 

Yaw  gimbal  angle  (deg) 

Included  in  Sections  III.B.12.i  , III.B.12.j  , and  III.B,12.k 
are  the  random  error  sources,  input/output  variables,  and  Monte  Carlo 
input  variables  for  each  model.  Complete  documentation  of  each  seeker 
model  can  be  found  in  the  reference*  1-9] . 

i.  Random  Erro.  jurces 


(1)  S2  and  S3  Module  Optical  Contrast  Seeker. 
Initial  conditi  n random  error  sources  specified  as  probability  distri- 
butions unique  to  the  optical  contrast  seeker  r impactin'  the  orati  : 
of  die  optical  contrast  seeker  are  listed  as  ‘oiiows. 
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TABLE  46.  MONTE  CARLO  INPUT  - MODULE  SI 


Program 
Variable 
Name  of 

C 

Index 

of 

Error 

Source 

Program 

Module 

MCARLO 

Flag* 

Error 

Source 

Call  Iiig 
MCARLO 

Name 

Index 

Definition 

ST 

460 

S1I 

ST 

460 

Seeker  starting  time 

BY 

11 

S1I 

BY 

11 

Seeker  output  initial 
value  in  yaw 

BZ 

12 

S1I 

BZ 

12 

Seeker  output  initial 
value  in  pitch 

UYK 

S1I 

SWP 

452 

Autoerection  drift 

UZK 

S1I 

SUP 

452 

Autoerection  drift 

UYK 

S1I 

SDY 

465 

On-axis  drift 

UZK 

S1I 

SDZ 

466 

On-axis  drift 

BTGERR 

470 

S1I 

BTGERR 

470 

Yaw  gimbal  angle 
pointing  error 

BPGERR 

471 

S1I 

BPGERR 

471 

Pitch  gimbal  angle 
pointing  error 

*MCARLO  is  flagged  by  the  C-index  of  this  variable  in  the 
calling  module. 

When  MCARLO  is  flagged  by  this  C-index,  a random  number  will  be 
returned  from  MCARLO  for  the  error  source  in  the  first  column. 

a)  Seeker  platform  mass  unbalance  - 

(1)  Outer  gimbal. 

(2)  Inner  gimbal. 

b)  Seeker  rate  gyro  errors  - 

(1)  Drift. 

(2)  Mass  unbalance. 

(3)  Output  axis/missile  roll  coupling. 

c)  Launch  transient  rate  distributions  - 

(1)  Pitch  and  yaw  rate. 

(2)  Roll  rate. 
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Initial  condition  and  time  varying  error  sources  specified  as  probability 
distributions  relating  to  the  digital/linear  seeker  are  as  follows: 


r 


a)  Seeker  drift. 

b)  Seeker  pulse  train. 

c)  Laser  designator  spot  jitter. 

d)  S/T  ratio  uncertainties. 

e)  Seeker  gain  variations. 

j . Input  Variables  and  Cross-Reference  of  C-Array 


(1)  Optical  Contrast  Seeker,  Module  S2  and  S3 
Input  Variable  Description.  Tables  47  and  48  identify  all  variables 
of  the  optical  contrast  seeker  subroutines  (S2  and  S3)  that  can  be  input 
by  3-cards.  Variable  names  beginning  with  K are  the  gains.  Variable 
names  beginning  with  W are  the  frequency  components. 


TABLE  47.  INPUT  FROM  DATA  CARDS  - MODULE  S2  AND  S3 
(OPTICAL  CONTRAST  SEEKER) 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

1 

573 

■?.v 

575 

577 

581 

WGQ4 

583 

Pitch  channel  frequencies 

U'GQ5 

585 

WGQ6 

587 

WRQ2 

591 

WRQ4 

595 

WTR1 

574 

WTR2 

576 

WGR1 

578 

WGR3 

582 

WGR4 

584 

Yaw  channel  frequencies 

WGR5 

586 

WGR6 

588 

WRR2 

592 

WRR4 

596 

RCL 

597 

Rate  command  limit  in  pitch  and  yaw 

TCLQ 

598 

Torque  command  limit  in  pitch 

TABLE  47.  (Continued) 


1 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

TCLR 

599 

Torque  command  limit  in  yaw 

JI 

565 

Moment  of  inertia  of  inner  gimbal 

JO 

566 

Moment  of  inertia  of  outer  gimbal 

GEOCS 

497 

Rate  gyro  gain  to  autopilot,  pitch  and 

yaw 

FRI 

567 

Inner  gimbal  friction  coefficient  (in.-oz) 

FRO 

568 

Outer  gimbal  friction  coefficient  (in.-oz) 

FFOV 

604 

Blind  range  decimal  percent  f ield-of-view 

TARHT 

601 

Target  height  (ft) 

TARWD 

602 

Target  width  (ft) 

TAU 

600 

Seeker  sample  period  (sec) 

TLAG 

606 

Optical  contrast  seeker  transport 

lag  (sec) 

KQ1 

545 

KQ2 

547 

KQ3 

549 

KQ6 

553 

KQ7 

555 

Pitch  channel  gains 

KQ8 

557 

KQ10 

559 

KQ11 

561 

KQ12 

563 

KR1 

546 

KR2 

548 

KR3 

550 

KR5 

552 

KR6 

554 

Pitch  channel  gains 

KR7 

556 

KR8 

558 

KR10 

560 

KRli 

562 

KR12 

$64 

I 

1 i 
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TABLE  47.  (Concluded) 


Fortran 

Symbol 

Symbo 1 
Used  In 
Text 

c 

Index 

Definition 

WPTO 

1738 

Tipofi  roll  rate  (deg/sec) 

AMP  2 

1742 

Peak  amplitude  of  pitch  moment  forcing 
function  (ft/ lb) 

AMP1 

1746 

Peak  amplitude  of  yaw  moment  forcing 
function  (ft/lb) 

VIB 

626 

Launch  transient  vibration  flag 
(pitch  and  yaw  only) : 

0 - no  vibration 

1 - run  with  vibration 

TABLE  48.  INPUT  FROM  DATA  CARDS  - MODULE  S4 
(DIGITAL/ LINEAR  LASER  SEEKER) 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

DT 

446 

Laser  designator  pulse  repetition 
rate  (sec) 

GS 

456 

Detector  output  gain 

SEPS 

451 

SWP 

452 

Spring  restraining  torque  constant 

WSL 

457 

Lead  integral  compensation  zero 
(rad/sec) 

WSN 

458 

Platform  compensation  pole  (rad/ sec) 

WL2 

459 

Platform  compensation  zero  (rad/ see) 

CROSS 

506 

Gimbal  cross  coupling  coefficient 

BLUR 

519 

Diameter  of  laser  spot  on  seeker 
detector  (deg) 

CKNULL 

1 523 

Proportionality  constant  • null 
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TABLE  48.  (Concluded) 


Symbol 

Fortran 

Used  in 

C 

Symbol 

Text 

Index 

Definition 

STOTSW 

524 

Digital  to  linear  switching  point 

STOTMX 

525 

Detector  output  iimiter  (deg/ sec) 

RDES 

526 

Designator  range  (ft) 

HDES 

527 

Designator  altitude  (ft) 

RVIS 

529 

Visibility  (statute  mi) 

CPT 

530 

Target  reflectivity 

ETHR 

531 

Threshold  energy  density  at  seeker 
2 

aperture  (J/km“) 

EDES 

532 

Laser  designator  energy  (J) 

WCZ 

500 

Guidance  filter  natural  frequency 
(rad/ sec) 

WF 

502 

BF 

505 

CZETA 

507 

Guidance  filter  damping  coefficient 

SGBIAS 

509 

Seeker  g-bias  (deg/ sec) 

WCN 

518 

Guidance  filter  pole  (rad/sec) 

WCL 

510 

Guidance  filter  zero  (rad/ sec) 

SGSTOT 

511 

Standard  deviation  of  S/T  ratio  (dB) 

GSLIM 



539 

Seeker  output  rate  limits  for  linear 
operation 
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k.  Monte  Carlo  Input:  Variables  and  Cross  Reference 
of  C -Array 

(1)  Optical  Contrast  Seeker  Monte  Carlo  Input 
Variables . The  variables  associated  with  the  Monte  Carlo  seeker  models 
are  given  in  Table  49.  The  mean  values  of  these  variables  are  input 
by  3-cards  and  the  probability  distributions  are  input  by  8-cards. 

(a)  Launch  Transient  Monte  Carlo  Input 
Variables,  Optical  Contrast  Seeker  Modules  - An  8-card  is  used  to  select 
any  one  of  these  models  (roll, pitch,  or  yaw)  as  a Monte  Carlo  variable. 
Roll  is  the  only  one  of  the  three  that  requires  specification  of  a 
probability  distribution  on  the  8-card.  The  pitch  and  yaw  models  do 
require  8-cards;  however,  the  probability  distribution  input  fields  are 
left  blank  because  pitch  and  yaw  are  randomized  indirectly. 

A mean  value  of  roll  rate  (U'PTO)  is  input  by  3-card.  Mean  values 
of  pitch  and  yaw  rate  are  not  input  because  the  mean  and  distribution 
of  these  two  variables  are  determined  from  solution  of  the  forcing 
function,  F(t)  [2],  However,  the  peak  amplitude  of  pitch  (AMP2)  and 
yaw  (AMP1)  moment  (due  to  helicopter  vibration)  must  be  input  by  3- 
card.  In  addition,  the  flag,  VIB,  must  be  input  equal  to  1. 

(b)  Pitch  and  Yaw  Randomization  Independent 
of  Launch  Transient  Model  - Pitch  and  yaw  tipoft  rates  may  be  randomized 
from  an  input  probability  distribution  via  the  C- indices  of  pitch  and 

yaw  rate  on  an  8-card.  This  capability  was  added  as  an  option  to  directly 
randomize  as  opposed  to  indirectly  randomizing  pitch  and  yaw  rates  as 
previously  mentioned.  Use  of  this  option  will  generate  instantaneous 
changes  in  pitch  and  yaw  rate  at  time  of  rear  shoe  rail  exit.  This 
option  was  added  primarily  to  allow  randomization  of  pitch  and  yaw 
rates  for  launch  from  a tower  or  ground  vehicle  in  which  there  are  not 
launcher  vibrations.  However,  this  option  can  be  exercised  simultaneously 
with  the  previously  mentioned  vibration  model.  Toe  roll  rate  randomiza- 
tion previously  described  applies  equally  to  helicopter  or  ground 
launchers . 


(2)  Digital/Linear  Laser  Seeker  Monte  Carlo 
Inputs . Table  50  presents  the  digital/ 1 inear  laser  seeker  Monte  Carlo 
inputs  for  module  S4, 


13,  SPOT  - Laser  Designator  Spot  Jitter 
a.  Functional  Description 

The  spot  jitter  module  computes  the  Y and  Z 
components  of  the  laser  designator  spot  motion  (jitter)  on  the  target 
plane.  It  also  sets  up  the  spot  jitter  derivatives  to  be  integrated 
for  the  next  time  step. 
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TABLE  49.  MONTE  CARLO  INPUT  - MODULES  S2  AND  S'i 
(OPTICAL  CONTRAST  SEEKER) 


Program 
Variable 
Name  of 
Error 
Source 

c 

Index 

of 

Error 

Source 

Program 

Module 

Calling 

MCARLO 

MCARLO  Flag* 

Name 

Index 

Definition 

KUO 

611 

S2I 

611 

Outer  gimbal  mass 
unbalance  (in.-oz/g) 

KUI 

612 

S2I 

612 

Inner  gimbal  mass 
unbalance  (in.-oz/g) 

KBO 

613 

S2I 

613 

Outer  gimbal  drift 
rate  (deg/sec) 

KBI 

614 

S2I 

614 

Inner  gimbal  drift 
rate  (deg/sec) 

KOAO 

617 

S2I 

617 

Outer  gimbal  output 
axis/ roll  coupling 
coefficient  (sec) 

KOAI 

618 

S2I 

618 

Inner  gimbal  output 
axis/ roll  coupling 
coefficient  (sec) 

WPTO 

1738 

A3I,  A 2 

1738 

Mean  tipoff  roll  rate 
(deg/ sec) 

AMP  2 

1742 

A 31 , A 2 

1742 

Peak  amplitude  of 
pitching  moment  forcing 
function  (ft/ lb) 

AMPl 

1746 

A 31 , A 2 

1746 

Peak  amplitude  of 
yawing  moment  forcing 
function  (ft/ lb) 

WQ 

1743 

A 2 

1743 

Pitch  rate  (deg/ sec) 

WR 

17A7 

A 2 





1747 

Yaw  rate  (deg/ sec) 

*MG\RLO  is  [lagged  by  the  C- index  of  this  variable  in  the 
ca 1 L i ng  nodu I e . 

.v'hen  MCMUa)  1 i lagged  bv  chi.-  C-index,  a random  'limber  • ill  be 
: r r MCARLO  r Ch<  rr  r sourci  first  c Lui  in. 
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TABLE  30.  MONTE  CARLO  INPUT  - MODULE  S4  (DICITAL/LINEAR  LASER  SEEKER) 


When  MCARLO  is  flagged  by  this  C-index,  a random  number  will  be  returned 
from  MCARLO  for  the  error  source  in  the  first  column. 


r 


passed  through  the  second  order  filter  shown  in  Figure  43  . The  result 
is  a correlated  output  that  closely  approximates  involuntary  human 
movement.  The  damping  factor,  f,  and  the  natural  frequency,  r , are 

chosen  such  that  the  output  of  the  filter  matches  that  movement.  These 
values  are  built  into  the  model.  The  gain  G of  the  filter  is  selected 
by  the  user  to  control  the  standard  deviation  of  the  output. 


WHITE  NOISE 

2 

GuJo 

SPOT  JITTER 

<RX.  Ryl 

S2  ♦ 2fcJQS  * co2 

YSJ-  ZSJ 

Figure  43.  Spot  jitter  filter. 
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The  spot  motion  is  assumed  to  be  in  the  target  plane  as  shown  in 
Figure  44  and  is  composed  of  two  parallel  but  independently  computed 
components  in  Y and  Z.  Two  identical  filters  are  used  to  compute  these 
two  components.  The  output  of  these  two  filters  at  any  instant  in  time 
is  different  because  a different  white  noise  signal  is  input  to  each. 


Figure  44.  Spot  trace  in  target  plane. 


The  differential  equation  derived  from  the  transform  (Figure  43  ) 
to  be  numerically  integrated  is 


X + 2t  „X  + 


“oRx 
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r 


The  actual  spot  position  Y-component  (similarly  for  Z)  is: 


GX 


where  the  gain  G is 


G = 0.707 


SPOT 


/ 


,0At 


y ^ 

Tiie  parameters  in  the  previously  mentioned  equations  are 
£ = Damping  factor  (0.745  data  statement  in  SPOTI) 

0 = Natural  frequency  (3.94  data  statement  in  SPOTI) 
= White  noise  input  to  Y-component  filter 


SPOT 


= Expected  standard  deviation  of  RSS  output  of  both  Y 
and  Z component  filters  (the  0.707  appears  because  a 
is  the  RSS  standard  deviation) 


SPOT 


t = Random  number  calling  sequence  (normally  the  integration 
stepsize)*. 

The  filter  integration  constants  are  all  initialized  to  zero  on 
the  first  run  of  a run  set.  On  all  subsequent  runs  of  that  run  set, 
the  filter  is  not  reinitialized,  but  instead  remains  charged  with  the 
final  values  that  occurred  on  the  preceding  run.  This  means  that  the 
time  series  output  is  a continuously  varying  function  interrupted  by 
neither  reinitialization  of  all  deterministic  parameters  nor  randomiza- 
tion of  the  stochastic  parameters.  For  example,  assume  a seven  run  set 
in  which  the  flight  time  of  each  run  is  2 sec.  The  combined  run  set 
flight  is  then  14  sec.  If  a plot  of  the  spot  jitter  were  made  versus 
the  combined  flight  time.  It  would  appear  as  shown  in  Figure  45.  Each 
2-sec  time  slice  would  represent  the  spot  motion  that  occurred  in  each 
individual  run  of  the  run  set. 


*The  statistical  properties  of  the  output  filter  will  vary  ±10% 
when  the  integration  step  is  varied  from  0.01  to  0.0125  sec.  Therefore, 
care  must  be  exercised  in  changing  the  integration  stepsize  when 
performing  sensitivity  studies. 
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Figure  45.  Spot  jitter  time  history. 

The  reason  for  handling  spot  jitter  in  this  manner  was  to  eliminate 
the  transient  response  of  the  spot  from  all  runs  after  the  first.  The 
transients  die  down  in  approximately  3 to  4 sec.  Thought  was  also  given 
concerning  the  running  of  the  spot  jitter  filters  for  a period  of  10  to 
15  sec  prior  to  beginning  the  first  run  of  the  set  to  eliminate  the 
transients  from  all  runs.  However,  since  the  minimum  spot  motion  run 
time  for  a 25  Monte  Carlo  run  set  is  approximately  90  sec  (3.5  sec  per 
run  for  a 1-km  missile  range),  the  transient  response  of  the  filter  did 
not  last  long  enough  nor  did  it  appear  serious  enough  to  warrant 
consideration. 

A final  word  about  MCAKLO  and  its  treatment  of  spot  jitter.  This 
particular  error  source  is  handled  such  that  the  missile  guides  on  the 
spot,  but  calculates  miss  distance  from  the  target.  This  was  accom- 
plished by  adding  the  spot  position  to  the  seeker  line-of-sight  vector 
(in  G5)  so  that  it  guides  on  the  spot. 

c . Initialization  Subroutine 

SPOT!  is  the  initialization  subroutine  for 
SPOT.  The  components  of  spot  jitter  (Y  , Z ) and  the  spot  jitter 

J J J J 

scale  factors  (GSPOTY  and  GSPOTZ)  are  initialized  in  SPOTI.  Also,  the 
logic  to  add  the  spot  jitter  differential  equations  to  the  array  (IPL) 
of  the  6 DOF  program  is  contained  therein.  IPL  is  the  array  of  varia- 
bles to  be  integrated  each  time  step. 

d.  Random  Error  Sources 

Spot  jitter  Y and  Z components  are  the  only 
random  error  sources  in  SPOT. 
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e . Input/Output  Variables  and  Cross  Reference  of 
the  C-Array 

Tables  51,  52,  and  53  present  the  input/output 
variables  and  cross  reference  of  the  C-array  for  module  SPOT. 


TABLE  51.  INPUT  FROM  DATA  CARDS  - MODULE  SPOT 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

SICSPOT 

rsP0T 

1581 

Expected  standard  deviation  of  spot  jitter 
RSS  value  in  Y and  Z)  (ft) 

ZETA 

r 

1579 

Spot  jitter  filter  damping  rates 

WO 

“o 

1580 

Spot  jitter  filter  natural  frequency  (rad/sec] 

TABLE  52.  INPUT  FROM  OTHER  MODULES  - MODULE  SPOT 

Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

ITNDX 

3753 

Array  of  Monte  Carlo  C-indices  input  on  8- 
cards 

ITCT 

3721 

Total  number  of  time  series  error  sources 

RX 

1561 

White  noise  input  to  Y-component  filter 

RY 

ry 

1571 

White  noise  input  to  Z-component  filter 

GSPOTY 

G 

1562 

Spot  jitter  Y-component  scale  factor 

GSPOTZ 

G 

1572 

Spot  jitter  Z-component  scale  factor 

f. 

Monte  Carlo  Input  Variables  and  Cross-Reference 

of  C-Arrav 

Table  54  presents  the  Monte  Carlo  input  vari- 
ables and  cross  reference  of  C-array  for  module  SPOT. 
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TABLE  53.  OUTPUT  MODULE  SPOT 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

SXPDD 

X 

1560 

SYPDD 

V 

1570 

SX  PD 

X 

1563 

Spot  jitter  differential  equation  variables 

SYPD 

Y 

1573 

SXP 

X 

1566  , 

SYP 

Y 

1576 

RSJYMC 

'’S  a 

1680 

Y-component  of  spot  in  target  plane  (ft) 

RSJZMC 

ho 

1681 

Z-component  of  spot  in  target  plane  (ft) 

TABLE  54.  MONTE  CARLO  INPUT  - MODULE  SPOT 


Program 
Variable 
Name  of 
Error 
Source 

C 

Index 

of 

Error 

Source 

Program 

Module 

Calling 

MCARLO 

MCARLO 

Name 

Index 

Definition 

RSJYMC 

1680 

SPOT 

RSJYMC 

1680 

Y-component  of  spot  jitter 

SPOTI 

RSJZMC 

1681 

SPOT 

RSJZMC 

1681 

Z-component  of  spot  jitter 

SPOTI 

SICS POT 

1581 

Expected  standard  deviation 
of  spot  jitter.  Must  be 
input  on  type  3 data  card 

*MCARLO  is  flagged  by  Che  C-index  of  this  variable  in  the  calling 
module . 

Wien  MCARLO  is  flagged  by  this  C-index,  a random  number  will  be  returned 
from  MCARLO  for  the  error  source  in  the  first  column. 


L 
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C.  MCARLO-Monte  Carlo  Control  Subroutine 

1.  Introduction 

A Monte  Carlo  approach  was  developed  for  generating 
CEP  related  information  for  the  THAD  program.  This  approach  consists 
of  executing  a specified  number  of  runs*  using  the  MI COM  6 DOF  simulation 
program,  where  both  initialization  error  conditions  and  time  varying 
error  conditions  for  each  simulation  run  will  be  randomly  generated 
from  input  error  probability  distributions.  The  resulting  miss  distance 
coordinates  from  each  run  are  then  subjected  to  an  automated  statistical 
analysis  using  the  CEP  Analysis  System  (CEPAS)  program,  Section  III.  D 
to  obtain  CEP  information. 

The  composite  simulation  tool  that  evolved  from  the  Monte  Carlo 
approach  is  a stochastic  6 DOF  model  consisting  of  the  M1C0M  6 DOF 
deterministic  simulation  program,  a Monte  Carlo  control  subroutine 
(MCARLO) , and  the  CEPAS  program. 

Statistical  data  are  input  on  distinct  data  card  types  (type  8 
cards).  In  the  absence  of  statistical  data  inputs,  the  operation  of 
the  6 DOF  program  reverts  to  that  of  the  deterministic  version  of  the 
program. 

The  Monte  Carlo  approach  takes  advantage  of  the  dual  mode  operation 
of  the  6 DOF  program  The  initialization  modules  call  MCARLO  to  ran- 
domize all  initial  condition  error  sources.  Then  in  the  flight  execu- 
tion module,  MCARLO  is  called  to  generate  time  series  random  conditions. 

2.  Monte  Carlo  Control  Subroutine  - MCARLO 

The  Monte  Carlo  control  subroutine  MCARLO  is  struc- 
tured according  to  error  source  type  and  error  source  probability  distri- 
bution. There  are  two  error  source  types.  They  are  initial  condition 
error  sources  and  time  varying  error  sources.  There  are  three  error 
source  distributions.  They  are  normal,  uniform,  and  correlated  normal. 
The  error  source  distributions  are  subcategories  of  both  error  source 
types  as  shown  in  Figure  46  with  the  one  exception  of  correlated  normal 
which  is  unique  to  time  series  error  sources. 

If  no  stochastic  input  data  cards  are  read  on  input,  the  local 
error  source  logic  which  calls  MCARLO  (necessarily  located  at  the  point 
of  application  of  the  error  source  in  the  6 DOF  program)  is  step  up  so 
that  the  call  is  not  executed. 


*A  run  is  defined  as  the  numerical  integration  of  a missile  trajec- 
tory from  launch  to  target  plane  intercept. 
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MCARLO 


Figure  46.  MCARLO  structure. 

3.  MCARLO  Operational  Modes 

Subroutine  MCARLO  has  four  modes  of  operation.  The 
mode  to  exercise  depends  upon  the  location  in  the  6 DOF  program  from 
which  MCARLO  is  called  and  the  type  of  error  source.  The  mode  is  iden- 
tified by  number  in  the  argument  list  of  the  MCARLO  call  statement, 

i.e. , 

MCARLO  (RNSTRT , MODE,  ITSNDX) 

a-  MODE  = -1.  Initial  Condition  Heading  Print 
Mode 


MCARLO  is  called  from  MAIN  to  write  the  follow- 
ing heading  and  column  names  at  the  start  of  each  run  initialization: 

MONTE  CARLO  INITIAL  CONDITIONS 

C-INDEX  MC -VALUE  MEAN  DISTRIBUTION  LOWER  BOUND  UPPER  BOUND 
6 • MODE  = 1.  Initial  Condition  Error  Source  Mode 

MCARLO  is  called  from  an  initialization  module 
under  this  mode.  This  mode  flags  MCARLO  to  randomize  an  initial  condi- 
tion error  source  from  a user  specified  probability  distribution.  Mode 
L also  provides  for  the  storage  of  user  input  error  source  mean  values 
on  the  first  run  of  a run  set.  This  allows  the  mean  of  the  error  source 
to  remain  fixed  for  all  subsequent  runs.  Thus,  all  Monte  Carlo  values 
for  a given  error  source  will  be  about  the  original  mean  values  for  all 
runs  of  the  run  set. 


c • MODK  = 2.  Time  Series  Mode 

MCARLO  is  called  from  the  flight  simulation 
modules  under  this  mode.  Mode  2 flags  MCARLO  to  generate  random  numbers 
for  a time  series  error  source  based  on  user  specified  sample  intervals* 
and  probability  distributions.  The  sample  intervals  can  range  from  a 
lower  bound  of  the  integration  stepsize  to  an  upper  bound  of  the  flight 
time  itself.  The  sampling  can  be  pure  periodic  or  random  normally  dis- 
tributed with  user  control  over  both  the  periodic  mean  and  standard 
deviation.  (Protective  logic  is  included  to  ensure  that  the  period 
always  advances  but  never  advances  beyond  twice  the  mean  of  the  period.) 
Wien  MCARLO  is  called  by  mode  2,  it  first  checks  the  flight  time 
against  the  next  time  series  sample  time.  If  the  sample  time  has  been 
reached,  it  sets  up  the  next  sample  time  (either  periodic  or  random,  as 
determined  by  input  option),  and  generates  a new  random  value  for  the 
error  source,  then  returns  control  to  the  calling  routine.  This  pro- 
cedure is  repeated  for  each  time  series  error  source  at  each  integration 
step . 


d . Mode  = 4.  Time  Series  Initialization  Mode 

MCARLO  is  called  from  the  initialization 
modules  under  a mode  4 to  initialize  the  following  pertinent  time  series 
error  source  parameters  in  MCARLO: 

1)  Reset  the  time  series  sampling  time  (TNXST)  to  zero  at  the 
start  of  each  new  run. 

2)  Save  the  time  series  error  source  means  for  normally  and 
uniformly  distributed  error  sources. 

3)  Initialize  the  time  series  error  source  variables  associated 
with  correlated  normal  output. 

4.  MCARLO  Error  Probability  Distribution 

Subroutine  MCARLO  has  three  error  source  probability 
distributions.  The  distribution  to  use  depends  upon  user  specified 
input  data.  Each  distribution  is  identified  by  number  in  the  following 
manner: 

0 - Normal  distribution 

1 - Uniform  distribution 

2 I 

3 > Correlated  normal  distribution*. 

4 J 


*Each  of  the  three  different  numbers  in  the  correlated  normal  dis- 
tribution category  identifies  a specific  parameter  in  the  6 DOF  program 
that  is  a correlated  random  variable.  More  information  on  this  in  the 
input  section. 
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a. 


Normal  Distribution 


Normally  distributed  error  source  values  are 
picked  from  the  system  library  random  number  generator  based  on  user 
specified  normal  distribution  parameter  values  indicated  in  Figure  47 . 


P(RXI 


Figure  47.  Normally  distributed  error  source. 

The  distribution  parameters,  mean  ( ),  standard  deviation  (a), 
and  cutoff  values  (aXL  and  aX^  are  specified  on  input  data  cards.  The 

limits  (X.  and  XIT)  are  multiples  of  the  standard  deviation  (a).  For 

L U 

instance,  assume  a standard  deviation  of  2 ft,  a mean  of  0,  and  limits 
of  + 6 ft;  the  input  values  of  XL  and  Xy  would  be 


and 


X 


U 


3 


b.  Uniform  Distribution 


Uniform  distributed  error  source  values  are 
picked  from  the  system  library  random  number  generator  based  upon  user 
specified  uniform  distribution,  parameter  values  indicated  in  Figure  48. 
The  input  format  for  a uniformly  distributed  error  source  is  identical 
to  th.at  for  a normally  distributed  error  source  so  that  the  standard 
deviation  for  a uniformly  distributed  error  source  would  be  utilized 
in  a manner  analogous  to  its  interpretation  for  a normally  distributed 
error  source. 
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Figure  48  . Uniformly  distributed  error  source. 


The  random  number,  R,.,  returned  by  MCARLO  is  computed  from  the 
following  eauation  where  is  the  random  number  generated  by  the  sys- 
tem library  random  number  generator  from  the  distribution  shown  in 
Figure  49  . 

RN  = " + (VXU  - XL>  + V°  • 


P(RX) 


0 RX  1 


Figure  49.  System  library  random  number  distribution. 

c . Correlated  Normal  Distribution 

The  correlated  normal  distribution  involves 
the  generation  of  digital  white  noise  to  be  used  as  the  forcing  func- 
tion in  an  nth  order  filter  to  produce  a random  but  correlated  output. 

An  example  of  nth  order  filters  used  in  the  Monte  Carlo  program  is 
given  in  Section  III.  B.  13.  The  digital  white  noise  is  produced  by 
calling  the  system  library  normally  distributed  random  number  generator. 
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The  distribution  parameter  values  shown  in  Figure  47  used  to  produce 
the  white  noise  is  given  in  Figure  50.  The  output  from  the  digital 
white  noise  generator  is  sampled  and  held  with  the  hold  period  (N.  T) 
specified  by  input. 


P(RX> 


Figure  50 . Expected  digital  white  noise  distribution. 

The  random  number  generator  is  called  only  at  the  beginning  of  an 
integration  step;  therefore,  the  calling  frequency  must  be  input  as 
multiples  of  the  6 DOF  program  integration  stepsize.  No  random  numbers 
are  generated  during  the  intermediate  Runge-Kutta  passes. 

The  output  digital  white  noise  will  appear  as  shown  in  Figure  51 
sample  runs  were  made  in  which  the  mean  and  standard  deviation  of  an 
output  similar  to  Figure  51  was  computed  to  verify  that  something  near 
the  expected  values  was  being  obtained.  Table  55  lists  the  results  of 
this  sample  run.  As  can  be  seen,  the  computed  values  match  very 
closely  with  the  expected  values. 

5.  MCARLO  Time  Series  Output  Statistical  Information 

The  mean,  root  mean  square,  and  standard  deviation 
of  all  time  series  error  sources  are  calculated  for  each  run  of  a run 
set  and  printed  out  at  the  end  of  each  run.  A sample  of  this  printed 
output  is  given  in  the  following  listing  : 


C-I ndex 

Mean 

Variance 

Standard  Deviation 

RMS 

1688 

0.311 

0.415 

0.644 

0.715 

1681 

0.219 

0.217 

0.465 

0.514 

70 

20.814 

18.960 

4.354 

21.265 
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The  equations  for  computing  each  quantity  are 


a)  Mean  - 


-S  £ x, 

1=1 


b)  Root  mean  square  - 


N 


RMS  = 


/ in  - i 1 

/ 1=1 


N - 1 

or  for  N very  large, 


Z xl 


1 N 2 

RMS  = / J Z X 
i=l  1 


c)  Standard  Deviation 


a = 


6.  Addition  of  New  Error  Source  Models 

The  addition  of  new  error  source  models  to  the  6 DOF 
program  is  described  in  the  following  paragraphs.  The  procecure  required 
depends  upon  whether  the  error  is  an  initial  condition  error  source  or 
a time  series  error  source.  In  addition,  the  complexity  of  time  series 
error  source  addition  depends  upon  whether  the  probability  distribution 
of  the  time  series  error  source  is  normal,  uniform,  or  correlated  normal. 
The  correlated  normal  time  series  error  source  is  the  more  complex 
model  because  it  involves  filtered  white  noise. 


a.  Initial  Condition  Error  Sources 


Initial  condition  error  modeling  will  always 
appear  in  one  of  the  initialization  modules.  The  module  in  which  the 
source  is  modeled  depends  upon  the  point  of  application  of  the  error 
source  in  the  missile  system.  For  example,  an  error  source  assoicated 
with  the  seeker  will  logically  be  modeled  in  the  seeker  initialization 
module,  SlI.  When  the  Monte  Carlo  variables  have  been  identified,  the 
following  DO  LOOP  is  established  with  the  C-index  of  the  Monte  Carlo 
variable  used  to  flag  MCARLO: 


C MONTE  CAPtO  STEADY  STATE  MIND  COMPONENT 
DO  E.i.  I = L,  13512 
100  = I 

IF  IISNJKIII  .E0.51I  CALL  NCARLO  (DUM,  1,  IPDI 
IF  1 1 SNIiX  (I  I .EQ.52  » CALL  MCARLO  (OUM,  It  I CD  I 

5C0  CONTINUE 
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The  DO  LOOP  variables  are  <J*jii.ned  as: 


13512  - total  number  of  initial  condition  error  source  type  8 cards 
that  are  read  in  0INPT1. 

ISNDX(I)  - The  Monte  Carlo  variable  C-index  that  appears  in  the 
Ith  type  8 card. 

This  DO  LOOP  checks  all  the  initial  condition  error  sources  type  8 
cards  to  determine  if  any  of  the  type  8 cards  contained  the  C-index 
number  in  the  IF  statement.  If  an  8-card  does  contain  a C-index  (ISNDX) 
equal  to  the  number,  then  MCARLO  is  called  to  randomly  select  a value 
for  the  variable  that  has  that  C-index.  The  argument  list  of  MCARLO 
contains  a dummy  variable  DUM,  the  type  of  MODE  (1  for  initial  condi- 
tions), and  the  type  8 card  number  (IDO)  that  contains  the  statistical 
information  for  the  error  source. 

b.  Time  Series  Error  Sources 



Time  series  error  modeling  will  appear  in  both 
an  initialization  module  and  in  a flight  simulation  module.  The  ini- 
tialization module  performs  all  initialization  required  for  that  model 
(MCARLO  MODE  = 4)  and  the  flight  simulation  module  calls  MCARLO  to  gener- 
ate the  time  series  random  number  sequence  for  the  model  (MCARLO 
MODE  = 2). 

The  DO  LOOP  example  that  follows  was  developed  for  the  wind  gust 
model.  Initialization  is  performed  in  module  G2I,  while  the  time  series 
random  number  generation  is  performed  in  the  wind  module  G2. 

1)  Time  series  initialization  - G2I  - 

C MONT-  CARLO  INITIAL  VALUE  3F  TIME  SERIES  KINO  GUSTS 
00  ELI  I = l.ITCT 
IDO  = I 

IFUTNOXII)  .NE.70)  GO  T3  501 
CALL  MCARLO  ( DUM, 4, 1001 
whom;  = i, 

— if<vwt:,eq.3.i  go  to  so;  - 

SIGU  = VKTE/2.9 
S3  TO  506 
5C5  CONTINUE 

VHU  = 2.9  * SIGU  - 

506  CONTINUE 

GSIGU  = SIGU "SORT (l.S?/C(2664ll 
BLU  = -12. 1 ¥ SIGU  + 475. 

IFCVHT' M/VUTf.GT.  .11  HN  3 ■<  0 = VWTE/VWTEM 
IPLCNI  = 59 
N = N ♦ 1 
561  CONTINUE 
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2)  Time  series  random  number  generation  - C,2  - 


I C K - v 

oa  I0L  = 1 • 1 T CT 

ITGNGX  = I GL 

c 

C MONTE  Ct^LO  HIND  GUSTS  TIMS  SERIES 
I F ( I T Ut.X  < I 0U  > . NE.  7 0 > GO  TO  502 
U0A«  = 0. 

IF  f WWT:  .HZ.  3.  > U13AR  - A 3 S ( < V XE  *J  H XE  ♦ VY E *<  WYE  *■  VZ E* Y HZ E ) /V HTE > 

CALL  MCARlUTOUti,  2.  ITS'JOX) 

WNOHIE  = U BAR/BLU  ♦ WNOiU 
GL  W - CSIGU*SQ.<r(HT<0HC2l 
SLHU  = RLH  - HUOHC2»SLH 

GYWTE  = VWTE  ♦ GLH*SLW  ■ - ' ' 

ICK  = 1 
5C Z CONTINUE 

sco  continue 

The  DO  LOOP  variables  are  defined  as: 

ITCT  - total  number  of  time  series  error  source  type  8 cards  read 

in  OINPT1. 

ITNDX(I)  - the  Monte  Carlo  variable  C-index  that  appears  on  the  1th 

type  8 card. 

These  two  DO  LOOPS  check  all  the  time  series  error  source  type  8 
cards  to  determine  if  any  of  the  type  8 cards  contained  the  C-index 
number  in  the  IF  statement.  If  an  8-card  does  contain  a C-index 
(INTDX)  equal  to  the  number,  then  all  the  calculations  and  MCARLO  calls 
relating  to  that  model  are  performed.  The  argument  list  of  MCARLO  in 
the  initialization  modules  contains  a dummy  variable  DUM,  the  type  of 
MODE  (4  for  initialization),  and  the  type  8 card  number  (IDO)  that 
identifies  the  Monte  Carlo  time  series  variable.  The  argument  list  of 
MCARLO  in  the  flight  simulation  module  contains  a dummy  variable,  DUM, 
the  type  of  MODE  (2),  and  the  type  8 card  number  (ITSNDX)  that  identi- 
fies the  Monte  Carlo  time  series  variable. 

Other  information  and  calculations  are  also  contained  within  the 
DO  LOOPS.  The  specific  information  and  calculations  that  appear  depends 
upon  the  model.  The  time  series  model  given  here  is  a correlated  nor- 
mally distributed  model  that  involves  filtered  white  noise.  This 
involves  setting  up  several  auxiliary  calculations  for  the  integration 
of  the  differential  equation  inside  the  MCARLO  MODE  2 DO  LOOP. 

c . Input/Output  Variables  and  Cross  Reference 
of  C-Arrav 

Tables  56,  57,  and  58  present  the  input/output 


variables  and  cross  reference  of  C-arrav  for  MCARLO. 


TABLE  56 


INPUT  FROM  uATA  CARD  - MCARLO 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

c 

Index 

Definition 

RNSTRT 

rn 

3511 

Random  number  generator  starting  value  (seed) 
- must  be  an  odd  octal  whole  number 

IDIST 

3674 

Type  of  distribution  of  initial  condition 
erro  source 

SIGMA 

a 

3514 

Initial  condition  error  source  standard 
deviation 

SIGLB 

3554 

Initial  condition  error  source  lower  bound 

SGGUB 

aXu 

3594 

Initial  condition  error  source  upper  bound 

ITDIST 

3763 

Type  of  distribution  of  time  series  error 
source 

TSPER 

3773 

Time  series  sample  period  of  periodic  sample 
rate  or  mean  of  sample  period  if  random 
sample  rate 

TSGMA 

a 

3723 

Time  series  error  source  standard  deviation 

TLB 

*XL 

3733 

Time  series  error  source  lower  bound 

TUB 

oXu 

3743 

Time  series  error  source  upper  bound 

NOTE:  All  of  these  inputs,  with  the  exception  of  RNSTRT,  are  read 

in  on  8-cards.  Each  variable  has  a unique  field  assigned  to  on  the 
8-card.  See  Section  IV.  A.  8 for  definition  of  these  fields.  RNSTRT 
is  read  in  on  a 3-card. 
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TABLE  57.  INPUT  FROM  OTHER  SUBROUTINES  - MCARLO 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

ISNDX 

ISNDX 

3634 

Array  of  Monte  Carlo.  Variable  C-indices 
appearing  on  8-cards  (initial  condition 
error  sources) 

ISGCT 

13512 

3512 

Total  number  of  initial  condition  error  sources 
for  this  run 

ITNDX 

ITNDX 

3753 

Array  of  time  series  Monte  Carlo  error 
sources  C-indices  appearing  on  8-cards 

ITCT 

ITCT 

3721 

Total  number  of  time  series  error  sources 
for  this  run 

TYPPEP 

3783 

Flag  for  time  series  values,  = 0 stochastic 

= 1 deterministic 

TPSIG 

a 

3793 

Array  of  time  series  error  source  standard 
deviation 

TNXST 

TNSST 

3803 

Time  series  sampling  time;  reset  each  run 

ITNDX 2 

3813 

C-indices  of  time  series  error  sources 

TABLE  58.  OUTPUT  - MCARLO 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

TMU 

u 

2805 

Calculated  mean  value  of  the  time  series  output 

TVM 

2815 

Variance  of  the  time  series  output 

'■'■''I 

a 

2825 

Standard  deviation  of  the  time  series  output 

RMS 

2795 

RMS  of  the  time  series  output 

YMC 

1564 

Current  Y mean  value 

YMC2 

1565 

Current  Y mean  squared 

ZMC 

1574 

Current  Z mean  value 

ZMC2 

1575 

Current  Z mean  squared 

I). 


CIRCULAR  ERROR  PROBABILITY  ANALYSIS  SYSTEM 


1.  Functional  Description 

CEPAS  consists  of  a distinct  set  of  subroutines 
that  interfaces  the  6 DOF  program  through  a control  subroutine  named 
CEPAS.  Subroutine  CEPAS  accepts  miss  distance  coordinates  from  the  6 
DOF  program  after  the  completion  of  a run  set  and  automatically  gener- 
ates CEP  related  information.  Through  the  use  of  a control  parameter 
input  card,  user  control  can  be  exercised  over  both  the  assumptions  of 
the  analysis  and  the  output  information.  This  control  parameter  card 
is  read  in  by  the  6 DOF  input  subroutine  0INPT1  following  all  6 DOD/Monte 
Carlo  input  data.  Detailed  input  information  concerning  this  control 
parameter  card  is  given  in  the  input  description  section  of  this  report, 
Section  III.  D.  8. 

2.  Related  Subroutines 

The  set  of  subroutines  in  the  stochastic  6 DOF  simu- 
lation program  that  are  unique  to  CEP  calculations  are: 

a)  CEPAS  - CEP  analysis  system  control  subroutine. 

b)  CEPP  - CEP  calculation  subroutine. 

c)  KSTEST  - Kolmogorov-Smirnov  (K-S)  test  subroutine. 

d)  ZTABLE  - Table  of  areas  of  the  normal  probability  curve. 

e)  PPLOT  - Printer  plot  subroutine. 

f)  XLOC  - Auxiliary  routine  for  locating  X coordinate  for  use  in 
PPLOT. 

g)  NORM  - Calculates  normalized  random  value. 

h)  RANNUM  - Uniformly  distributed  random  number  generator. 

i)  NORMAL  - Normal  (Gaussian)  distributed  random  number. 

A list  of  the  variables  appearing  as  arguments  to  these  subroutines  is 
contained  in  Section  III. 

3.  Assumptions 

The  CEP  calculations  made  by  CEPAS  are  obtained  by 
either  parametric  statistical  methods,  assuming  an  elliptical  bivariate 
normal  distribution,  or  by  nonpar ametric  methods,  where  no  specific  dis- 
tribution is  assumed.  Because  more  information  can  generally  be  obtained 
(e.g.,  confidence  circles)  from  a given  size  sample  when  the  distribu- 
tion is  known,  it  is  advantageous  to  use  the  parametric  methods  when 
they  apply.  For  this  reason,  CEPAS  automatically  subjects  the  input 
miss  distance  data  to  a normality  test  (a  K-S  test  is  used  [6,7])  to 
determine  whether  to  use  the  parametric  or  nonpar ametric  methods.  If 
the  hypothesis  of  normally  distributed  data  is  not  rejected  by  the  K-S 
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Lest,  the  parametric  method  is  used;  otli 
is  used.  A user  option  is  available  vh  i 
lations  to  be  used  regardless  of  the  out 
option  is  utilized,  however,  and  the  act 
miss  distance  coordinates  is  significant 
information  will  be  unreliable. 


erwise,  the  nonparametric  method 
ch  causes  the  parametric  calcu- 
come  of  the  K-S  test.  If  this 
tial  underlying  population  of 
ly  non-normal,  the  resulting  CEP 


The  a priori  selection  of  an  elliptical  bivariate  normal  distribu- 
tion is  justified  in  part  by  the  fact  that  the  assumption  has  yielded 
satisfactory  results  for  a large  number  of  past  systems  [4],  If  sub- 
sequent data  obtained  from  Monte  Carlo  simulation  runs  shows  that 
the  assumption  of  a bivariate  normal  distribution  is  not  justified, 
the  use  of  other  distributions  can  be  considered. 


Given  that  the  missile  impact  points  are  elliptical  bivariate 
normally  distributed,  the  miss  distance  statistics  could  meaningfully 
be  summarized  using  at  least  two  obvious  approaches.  One  approach  would 
be  to  calculate  an  estimate  of  the  parameters  of  an  ellipse  containing 
a given  fractional  part  of  the  population  of  impact  points.  Tlie  frac- 
tional part  would  then  be  interpreted  as  the  probability  of  a future 
shot  having  an  impact  point  within  the  ellipse.  Since  the  ellipse 
parameters  would  be  estimates  of  the  true  population  parameters,  based 
upon  the  sample  points,  a confidence  ellipse  with  a specified  proba- 
bility of  containing  the  population  ellipse  could  be  defined.  An  alter- 
native approach  would  be  to  convert  the  elliptical  parameters  to  equiva- 
lent CEP  parameters.  The  latter  approach  was  actually  taken  in  CEPAS 
for  two  primary  reasons:  (a)  ellipses  generated  with  different  system 

components  (e.g.,  seekers,  autopilots,  etc.)  are  difficult  to  compare 
when  attempting  to  determine  the  component  exhibiting  the  most  satis-- 
factory  performance,  and  (b)  CEP  has  traditionally  been  used  for  repre- 
senting planar  miss  distance  statistics,  with  the  consequence  that  the 
results  are  more  readily  recognized  by  missile  system  engineers.  The 
conversion  from  elliptical  parameters  to  equivalent  CEP  parameters  is 
accomplished  utilizing  a transformation  developed  by  Stanford  Research 
Institute  [8].  It  should  be  noted  that  even  when  the  underlying  popu- 
lation of  miss  distance  coordinates  is  actually  distributed  as  assumed, 
at  least  two  factors  will  prevent  any  given  CEP  circle  from  containing 
50%  of  the  sample  impact  point.  The  first  factor  is  that  even  if  the 
CEP  of  the  missile  system  was  known  exactly,  data  sampling  fluctuations 
would  generally  prevent  precisely  50%  of  the  impact  points  from  being 
within  the  given  CEP  circle.  The  second  factor  is  that  the  population 
parameters  are,  in  fact,  not  known,  but  must  be  estimated  based  upon 
the  sample  data  itself. 

Regardless  of  whether  the  CEP  calculations  are  parametrically  or 
nonparametrically  based,  the  CEP  circle  center  is  taken  to  be  the  cen- 
troid of  the  sample  miss  distance  coordinates. 
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The  calculation  of  the  CEP  and  confidence  circle  radii,  for  the 
parametric  case,  is  discussed  in  Section  III.  D.  7.  No  confidence  cir- 
cle is  calculated  in  the  nonpar ametric  case.  The  CEP  radius  in  the 
nonparametric  case  is  assumed  to  be  such  that  as  many  points  lie  inside 
the  circle  as  outside.  The  only  occasions  where  this  cannot  be  done  are 
the  very  infrequently  occurring  ones  where  more  than  one  impact  point 
lies  exactly  on  the  CEP  circle  circumference,  and  the  number  of  remaining 
points  is  odd.  In  this  case,  the  number  of  points  inside  and  outside  the 
circle  will  differ  by  one. 

4.  6 DOF  Simulation  System  Compensation 

When  CEP  calculations  are  parametrically  based, 
additional  CEP  information  can  be  optionally  obtained  from  CEPAS,  using 
the  supposition  that  the  6 DOF  program  does  not  precisely  represent  the 
actual  missile  system.  The  deviation  of  the  6 DOF  program  from  the 
actual  system  performance  in  terms  of  miss  distance  coordinates  would 
only  be  approached  by  comparing  results  of  a large  number  of  test  firings 
with  simulations  of  such  test  firings.  Since  such  an  approach  is  eco- 
nomically impractical,  the  simplifying  assumption  has  been  made  that  the 
6 DOF  simulator  represents  an  impact  point  measuring  system  having  a CEP 
equal  to  X(X  > 0)  times  the  CEP  of  the  missile  system,  where  X is  an 
input  parameter.  This  assumption  appears  justified  in  part  by  the  fact 
that  if  a firing  was  made,  and  an  analoguous  (same  conditions  simulated 
6 DOF)  simulation  run  made,  then  the  actual  and  the  simulated  impact 
points  could  be  expected  to  differ  by  some  amount.  Further,  if  a large 
number  of  such  comparisons  were  made,  some  distribution  of  the  differences 
would  be  expected  (ignoring  bias  errors).  In  this  sense,  the  6 DOF  simu- 
lator can  be  considered  a measuring  system  of  the  actual  missile  system 
impact  points.  The  mathematical  formulas  utilized  in  CEPAS  were  derived 
under  the  assumption  that  a measuring  system  utilized  to  record  the  posi- 
tion of  actual  impact  points  would  yield  different  position  data  each 
time  the  same  impact  point  is  measured.  (This  fact  is  due  to  the  inher- 
ent imprecisions  in  the  measuring  system.)  While  it  is  recognized  that 
this  is  not  strictly  the  sense  upon  which  the  formulas  are  being  utilized 
in  CEPAS  (with  X > 0)  , it  is  felt  that  a close  analogy  exists  between  the 
6 DOF  simulation  program  and  a measuring  system. 

In  normal  operation,  CEPAS  defaults  to  X = 0,  and  the  resulting  CEP 
information  can  be  interpreted  as  a prediction  of  the  missile  system 
CEP,  based  on  the  assumption  that  the  impact  points  predicted  by  the 
6 DOF  program  exhibit  no  dispersion  about  actual  impact  points. 

When  X is  input  greater  than  zero,  two  sets  of  CEP  information 
are  calculated  by  CEPAS.  The  X = 0 case  is  calculated  for  reference, 
and  a second  set  of  CEP  information  is  calculated  under  the  assumption 
that  the  6 DOF  program  exhibits  a CEP  about  a single  actual  impact  point 
of  X times  the  CEP  of  the  missile  system.  The  equations  used  in  the  CEP 
calculations  for  X > 0 are  discussed  in  Section  III.  D.  7. 
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Confidence  Circles 


The  CEP  parameters  (centroid  and  radius)  of  the  miss 
distance  population  are  estimated  in  CEPAS  using  sample  data,  and  are 
consequently  subject  to  the  usual  estimation  errors.  In  order  to  bound 
these  errors  with  a specified  probability,  a user  option  permits  inputting 
any  combination  of  five  confidence  levels  (99%,  95%,  90%,  807o,  and  70%). 

The  selection  of  a given  confidence  level  will  result  in  CEPAS  computing 
a circle  of  radius  K within  which  the  actual  missile  system  CEP  is  assumed 
to  be  located.  The  validity  of  this  calculation  depends  upon  the  fidelity 
of  the  6 DOF  simulation  program  and  the  data  points  being  bivariate  nor- 
mally distributed.  For  each  confidence  level  selected,  CEPAS  will  cal- 
culate and  display  the  confidence  circle.  Confidence  circles  are  not 
calculated  if  the  CEP  is  calculated  nonparametrically  (Section  III.  D.  3.), 
i.e.,  if  the  data  are  not  bivariate  normally  distributed. 

6.  Printer  Plots 

Printer  plots  of  the  CEP  circle,  the  confidence  cir- 
cle (if  generated),  and  the  input  miss  distance  points  can  be  generated 
as  a user  option.  If  the  user  has  input  a value  of  \ greater  than  zero 
(Section  III.  D.  4.),  then  two  plots  will  be  generated  for  each  confi- 
dence level  entered  by  the  user;  one  plot  will  display  the  CEP  and  con- 
fidence circles  for  \ = 0,  and  the  other  will  display  the  same  informa- 
tion for  the  input  values  of  \. 

Samples  of  the  printer  plots  are  included  in  Section  IV.  B.  3. 

7.  Equations 

The  equations  used  for  calculating  CEP  and  confidence 
circles  are  included  below. 

The  Chi-square,  normal,  and  critical  K-S  tables  required  for  compu- 
tations are  loaded  in  various  programs  arrays. 


a.  Sample  Estimate  of  Standard  Deviations  in  Y and  Z. 


Azimuth: 

S2  = -pr 

CM 

> 

1 

- - 1 

( " V.) 

Y N-l 

i=l  1 

N ' 

U-1  7 

Deviation: 


1 

N 


2 


where  (Y^,  Z.)  denotes  ith  set  of  input  miss  distance  coordinates  and 
N denotes  number  input  coordinate  pairs  . 
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b.  C EP  and  Confidence  Circle  Centroid 


centroid  is  (Y,Z),  where 


Sample  estimate  of  CEP  and  confidence  circle 


! N 

Y = ~ Z Y. 

N i=l  1 


c . Determination  of  CEP  and  Confidence  Circle 
for  \ = 0 

The  calculation  of  the  missile  system  CEP  and 
confidence  circle  radii  for  \ = 0 (i.e.,  assuming  no  measuring  system 
CEP)  is  performed  as  follows: 

Let  SMIN  = Minimum  tsy, 


SMAX  = Maximum  ^Sy»  Sz] 


then  for 


MIN 

^°-3»  CEPj  = 0.6158^  + 0.562 

MAX 


< 0.3,  CEP  = 0.9988 


- (0.0496)S 


min  * 


+ <°-675>smax 

where  CEP^  represents  the  CEP  radius  calculated  on  the  assumption  that 

^ = 0,  (6  DOF  program  inpact  points  exhibits  no  dispersion  about  actual 
impact  points).  The  confidence  circle  radius,  R is  calculated  from 


rj 

X-o,P 
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where  N is  the  number  of  data  points,  u 
( = 2(N-1)  in  this  case],  and  P is  one 

2 

requested  by  the  user.  Chi-square  (X  ) 
of  freedom  and  confidence  level. 


is  the  degrees  of  freedom 
of  the  confidence  levels 

values  are  tabulated  by  degrees 


d . Determination  of  CEP  and  Confidence  Circle 
for  > 0 

If  \ > 0 then  the  following  formulas  are 

utilized  by  CEPAS; 


CEPS 


CEPj 

yi  + \2 


Rs  = 


2x2 


+ - ■ 


2 (N— 1 ) 


where  CEPg  and  R are  the  CEP  and  confidence  circle  radii  with  the  effect 
due  to  the  assumed  dispersion  of  the  measuring  system  removed. 

8.  Input  Description  and  Variables 

The  input  format  for  CEPAS  control  parameter  data 
card  is  given  in  Section  IV.  A.  9. 

(Note):  The  CEP  calculations  made  by  CEPAS  are  obtained  by  either 

parametric  statistical  methods,  assuming  an  elliptical 
bivariate  normal  distribution,  or  by  nonpar ametric 
methods,  where  no  specific  didtribution  is  assumed, 
because  more  information  congenerally  be  obtained  (e.g., 
confidence  circles)  from  a given  size  sample  when  the 
distribution  is  known,  it  is  advantageous  to  use  the 
parametric  methods  when  they  apply.  For  this  reason, 

CEPAS  automatically  subjects  the  input  miss  distance 
data  to  a normality  test  (a  K-S  test  is  used)  to  deter- 
mine whether  to  use  the  parametric  or  nonpar ametric 
methods.  If  tiie  hypothesis  of  normally  distributed  data 
is  not  rejected  by  the  K-S  test,  the  paranetric  method  is 
used;  otherwise,  the  nonpar ametric  method  is  used.  A user 
option  is  available  which  causes  the  parametric  calcula- 
tions to  be  used  ragardless  of  the  outcome  of  the  K-S 
test.  I£  this  option  is  utilized,  however,  and  the  actual 
nderl ; iny  population  of  miss  distance  coordinates  is  sig- 
ni  ‘ Lcantlv  non-normal , che  resulting  CEP  information  will 
e "'reliable. 


Table  59 
ment  lists  of 


contains  a list  of  variables  as  they  appear  in  the  argu- 
the  various  CEPAS  subroutines. 


E.  Executive  Subroutines 


1.  Module  Initialization  Executive  Subroutine  (AUXI) 

The  module  initialization  subroutines  are  called 
by  subroutine  AUXI  according  to  the  input  module  data  control  cards 
(type  2 input  data  cards  - see  Section  IV  for  input  card  formats).* 

AUXI  is  called  by  the  MAIN  program  after  the  input  subroutine,  0INPT1, 
is  called,  and  prior  to  entering  the  integration  loop.  AUXI  contains 
calls  to  a number  of  initialization  subroutines  which  exist  only  as 
nonfunctional  entry  points  in  the  subroutine  DUMMY.  Thus,  for  example, 
AUXI  calls  A2I,  which  by  the  naming  convention  would  correspond  to  the 
initialization  subroutine  for  the  forces  and  moments  module,  A2.  How- 
ever, no  subroutine  A2I  exists,  which  results  in  the  compiler  accessing 
the  entry  point  A2I  in  DUMMY,  which  simply  returns  control  back  to  AUXI. 


Table  60  shows  the  functional  module  initialization  subroutines, 
along  with  the  module  number  which  initiates  the  subroutine  call  in 
AUXI. 


2.  Module  Executive  Subroutine  (AUXSUB) 

Subroutine  AIXSUB  is  an  executive  routine  which  calls 
the  modules  input  on  type  2 data  cards  in  the  order  of  input  (see  Section 
IV  for  input  data  card  format).  AUXSUB  is  called  by  the  MAIN  program. 

It  is  in  the  integration  loop,  and  consequently,  is  called  by  MAIN  at 
every  integration  step.  AUXSUB  contains  calls  to  modules  that  exist 
only  as  nonfunctional  entry  points  in  subroutine  DUMMY. 

Table  61  lists  the  existing  modules  and  their  associated  module 
numbers  which,  when  input  on  type  2 data  cards,  cause  AUXSUB  to  call  the 
modules  in  input  order. 

3.  SUBL1  - Executive  Subroutines 

This  executive  subroutine  is  functionally  inactive. 

It  is  called  by  MAIN,  and  in  turn  calls  INPT1,  OUPTl,  STGEl , CNTR1 , 

RNDM1 , AUXA1,  AUXBl,  and  AUXC1,  depending  upon  the  subroutine  numbers 
stored  in  the  array,  SUBNO  (I).  However,  all  of  the  subrountine  names 
called  (INPT1,  0UTP1,  etc.)  exist  only  as  entry  points  in  subroutine 
DUMMY. 


*AUXI  will  automatically  call  an  initialization  subroutine  for 
each  module  specified  on  a type  2 input  card;  i.e.,  no  input  cards  are 
required  for  initialization  subroutines. 
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TABLE  59. 


CEPAS  SUBROUTINE  ARGUMENT  VARIABLES 


Symbol 

Fortran 

Used  in 

Symbol 

Text 

C Index 

Definition 

NP 

CEPAS, 

Number  of  points 

CEPP 

KSTEST , 

pplot 

IBVNSW 

CEPAS, 

= 1,  if  desire  to  use  bivariate  normal 

CEPP 

assumption  regardless  of  outcome  of 
K-S  test 

^ 1,  if  to  use  bivariate  normal  only  if 

K-S  test  does  not  reject  assumption  of 
normality 

If  #1  and  data  fails  K-S  test  for  nor- 
mality, CEP  will  be  calculated  as  the 
radius,  R,  of  a circle  containing  1/2 
of  the  sample  points 

I PLOT 

CEPAS 

= 1,  for  plots  of  CEP(s)  and  points,  other- 

CEPP 

wise,  4 1. 

XLAMBD 

CEPAS 

(Program  CEP) /(Missile  CEP), 

CEPP 

= 0,  if  no  estimate  of  ptogram  CEP  is  made 

PPLOT 

KSSIG 

CEPAS 

Significance  level  for  K-S  test  desired, 

CEPP 

negative  if  not  K-S  test  desired 

KSTEST 

CEPSIG 

CEPAS 

Confidence  level  (CEPSIG (1)  = 90,  CEPSIG (2) 

CEPP 

= 99,  CEPSIG(3)  = 70,  etc.) 

PSIZE 

CEPAS 

Plot  size  of  Y-axis  (for  scaling),  if  = 0, 

CEPP 

PPLOT  scales  itself 

PPLOT 

X 

CEPP 

Array  of  X-component  of  miss  distances 

PPLOT 

Y 

CEPP 

Array  of  Y-component  of  miss  distances 

PPLOT 

RX 

NORM 

Monte  Carlo  value  of  normally  distributed 

error  source 
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TABLE  59.  (Continued) 


Fortran 

Symbol 


Symbol 
Used  in 
Text 


C Index 

Definition 

■1 

1 

Lower  bound  of  time  series,  error  source 

H 

Upper  bound  of  time  series,  error  source 

ESS 

Mean  of  time  series  error  source 

NORM 

Standard  deviation  of  time  series  error 
source 

NORM 

Random  number  generator  starting  value 

KSTEST 

Not  used  in  KSTEST 

PPLOT 

X-coordinate  of  CEP  centroid 

KSTEST 

Not  used 

KSTEST 

K-S  test  failure  flag,  = 1 fails. 

ZTABLE 

Standardized  random  variable 

ZTABLE 

Accumulative  probability 

ZTABLE 

Not  used 

PPLOT 

CEP 

PPLOT 

Input  confidence  level 

PPLOT 

Radius  of  the  ICHI  referenced  confidence 
circle 

PPLOT 

Alphanumeric  titles  for  output  purposes 

PPLOT 

Y-coordinate  of  CEP  centroid 

XLOC 

Input  value  of  X-coordinate 

XLOX 

X-axis  scale  factor 

XLOC 

Indexes  used  in  determining  X-coordinate 
location 

RNSTRT 

XBAR 

SXHAT 

NI 

Z 

FREQ 
NZT 
CEP 
I CHI 
RCONF 

TITLE 

YBAR 

XVAL 

HSPRD 


4.  SUBL2  - Executive  Subroutine 
a.  Functional  Dexcription 

Executive  subroutine,  SUBL2,  is  called  by  MAIN 
immediately  after  the  module  initialization  subroutine,  AUXI , is  called 
SUBL2 , in  turn,  calls  INPT2 , 0UPT2,  STGE2 , CNTR2 , RNDM2,  AUXA2 , AUXB2 , 
and  AUXC2,  depending  upon  the  subroutine  numbers  stored  in  the  array, 
SUBNO(I)*.  The  array,  SUBNO(I),  is  initialized  in  0INPT1,  by  the  sub- 
routine numbers  entered  on  type  1 input  data  cards,  with  the  current 
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1 

configuration  of  the  simulation  program,  two  type  1 cards  are  input  to 
enter  subroutine  numbers  3 and  4 into  the  SUBNO(I)  array.  This  will 
cause  subroutines  0UPT2  and  STGE3  (described  in  Sections  III.  G.  2 and 
3.  F.  11  *,  respectively)  to  be  called  by  SUBL2. 


Table  60.  Module  Initialization  Subroutine  Numbers 


Name 

Function 

Subroutine 

Number 

All* 

AERO  coefficient  module  initialization 

2 

A3I 

Engine  module  initialization 

4 

SPOTI 

Spot  jitter  module  initialization 

38 

C1I 

Autopilot  module  initialization 

7 

C4I 

Actuator  initialization 

10 

Dll 

Translational  dynamics  module  initialization 

17 

D2I 

Rotational  dynamics  module  initialization 

18 

S1I 

Seeker  module  initialization 

28 

-•All  is  an  entry  point  in  C4I . 


TABLE  61.  MODULES  AND  ASSOCIATED  MODULE  NUMBERS 


Module 

Name 

Function 

Module 

Number 

A1 

AERO  coefficient  table  look-up 

2 

A2 

Forces  and  moments  module 

3 

A3 

Engine  module 

4 

Cl 

Autopilot  module 

7 

C4 

Actuator  module 

10 

D1 

Translational  dynamics  module 

17 

D2 

Rotational  dynamics  module 

18 

G2 

Winds  module 

23 

G3 

Air  data  module 

24 

SPOT 

Spot  jitter  module 

38 

G5 

Coordinate  transformation  module 

26 

SI 

Seeker  module 

28 
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SUBL3  - Executive  Subroutine 


Executive  subroutine,  SUBL3,  is  called  by  MAIN  at 
every  integration  step.  SUBL3 , in  turn,  calls  INPT3,  0UPT3,  STGE3, 
CNTR3,  RNDM3,  AUXA3,  AUXB3,  and  AUXC3  depending  upon  the  subroutine 
numbers  stored  in  the  array,  SUBNO(I).*  The  array,  SUBNO(I),  is  ini- 
tialized in  0INPT1  by  the  subtoutine  numbers  entered  on  type  1 input 
data  cards.  With  the  current  configuration  of  the  simulation  program, 
two  type  1 cards  are  input  to  enter  subroutine  numbers  3 and  4 into 
the  SUBNO(I)  array.  This  will  cause  SUBL3  to  call  subrottines  0UPT3 
and  STGE3  (described  in  Sections  III.  G.  2 and  III.  F.  12).*  Table  62 
presents  the  SUBL3  input/output  variables. 


TABLE  62.  SUBL3  INPUT /OUTPUT  VARIABLES 


Fortran 

Symbol 

C 

Index 

Definit ion 

NO  SUB 

2461 

Number  of  subroutines  specified  on  type  1 input 

data  cards 

SUBNO(I) 

2462 

Subroutine  numbers  entered  on  type  1 input  data 

card  s 

6.  Table  Look-Up  Subroutines:  TABLE,  TABL2,  and  TABL3 


These  three  subroutines  are  used  for  the  express 
purpose  of  passing  tabular  aerodynamic  data  to  the  special  function  sub- 
routines FINTP1,  FTNTP2,  and  FTNTP3.  These  special  function  subroutines 
performs  linear  interpolation  between  two  points  in  three  types  of  tab- 
ular data  tables.  These  data  tables  are: 

a)  TABLE  FINIPl  - one  dependent,  one  independent  variable. 

b)  TABL2  FINTP2  - one  dependent,  two  independent  variables. 

c)  TABL3  FINTP3  - one  dependent,  three  independent  variables. 

The  independent  variable  tables  must  be  monotonically  increasing  data 
arrays.  The  argument  list  variables  of  the  three  subroutines  are: 

a)  TABLE  (X,  XI,  YI , NX,  YK,  XL ABEL,  Y)  - 

X - Instantaneous  value  of  independent  variable. 

XI  - Independent  variable  array  (table). 

YI  - Dependent  variable  array  (table) . 

*A11  of  the  named  subroutines  except  INPT3  and  0UPT3  exist  only  as 
entry  points  in  the  subroutine  DUMMY. 
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NX  - Number  of  points  in  each  table. 

XK  - Flag  used  in  FI NT PI. 

XLABEL  - reserved  for  holorith  character  name  of  data  table. 

Y - Innear  interpolated  value  of  the  dependent  variable. 

b)  TABLE  (X,  Y,  XYl,  Z1 , NXY  , XINTER,  XLABEL,  Z)  - 

X - Instantaneous  value  of  the  first  independent  variable  XI. 

Y - Instantaneous  value  of  the  second  independent  variable  IT. 

XYI  - This  single  array  contains  both  the  first  (XI)  and  second 
(YI)  independent  variable  tabular  values.  The  first  inde- 
pendent variable  (XI)  values  occupies  the  leading  element 
locations  and  the  second  independent  variable  (UI)  values 
occupies  the  remaining  element  locations. 

ZI  - Dependent  variable  array.  This  array  contains  all  depen- 
dent variable  tabular  values.  The  dependent  variable 
values  as  a function  of  the  first  independent  variable 
XI  are  subgroups  of  data  in  the  array.  The  subgroups  are 
then  a function  of  the  second  independent  variable  YI . 

(The  subgroups  must  be  ordered  such  that  they  are  a func- 
tion of  YI  with  YI  monotonically  increasing.) 

NXY(I)  - Number  of  points  in  the  data  tables: 

1=1,  number  of  first  independent  variablle  (XI) 
data  points 

1=2,  number  of  second  independent  variable  (YI)  data 
points. 

XINTER  - Flag  used  in  FINTP2 . 

XLABEL  - Reserved  for  holorith  character  name  of  data  table. 

Z - linear  interpolated  value  of  the  dependent  variable. 

The  following  is  an  example  of  TABL2  use. 

Assume  the  following  set  of  data  ; 
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These  tabular  values  would  be  assigned  to  the  argument  list  arrays  as 
follows: 


The  number-of-points  variables  would  be  set  as: 

NXY(l)  = 4 
NXY (2)  = 3 

The  discrete  point  (x,  y)  would  be  passed  into  the  subroutine,  a linear 
interpolation  would  be  performed  between  the  data  points  that  bracketed 
(x,  y)  and  a singular  value  of  z would  be  returned.  Thus, 

Y = y } inpUt 
Z = z - returned  value. 
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c)  TABL3  (X,  Y,  Z,  XYZI,  WI , NXYZ,  XINTER,  X LAB EL,  W)  - 

X - Instantaneous  value  of  the  first  independent  variable  XI. 

Y - Instantaneous  value  of  the  second  independent  variable  YI . 

Z - Instantaneous  value  of  the  third  independent  variable  ZI . 

XYZI  - This  single  array  contains  all  three  independent  variable 
tabular  values.  The  first  independent  variable  (XI) 
values  appears  first,  the  second  independent  variable 
(YI)  values  appear  second,  and  the  third  independent 
variable  (ZI)  values  appear  last. 

WI  - Dependent  variable  array.  This  array  contains  all  depen- 
dent variable  tabular  values.  The  dependent  variable  values 
as  a function  of  the  first  independent  variable  (XK)  appears 
as  a subgroup  of  the  second  independent  variable  YI  with 
this  grouping  a subgroup  of  the  third  independent  variable 
ZI. 

NXYZ (I)  - Number  of  points  in  the  data  tables: 

1=1,  number  of  first  independent  variable  (XI)  data 
points 

1=2,  number  of  second  independent  variable  (YI) 
data  points 

1=3,  number  of  third  independent  variable  (ZI) 
data  points  . 

XINTER  - Flag  used  in  FINTP2 . 

XLABEL  - Reserved  for  holorith  character  name  of  data  table. 

W - Linear  interpolated  value  of  the  dependent  variable. 

F.  Auxiliary  and  Function  Subroutines 

1.  Aerodynamic  Coefficient  Table  Error  Indication 
Subroutines:  AERROR  and  TERROR 

Subroutine  AERROR  is  used  to  indicate  that  the  numer- 
ical range  of  an  aerodynamic  coefficient  data  table  has  been  exceeded 
by  the  trajectory  being  flown.  The  message  "OUT  OF  AERO  TABLE  ARGUMENT 
ARRAY"  and  the  table  name  is  printed  out,  along  with  a dump  of  the 
C-array  element  string  that  contains  all  the  aerodynamic  table  values. 

The  integration  termination  switch,  LCONV,  is  then  set  to  2 to  flag 
subroutine  STGE3  that  the  run  is  to  be  terminated. 

Subroutine  TERROR  is  used  to  indicate  that  an  entire  aerodynamic 
coefficient  table  is  missing.  The  message  "NO  AERO  POINTS  SPECIFIED 
FOR  ARG"  and  the  missing  table  name  is  written  out.  The  run  is  then 
terminated  by  a CALL  EXIT  statement. 
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NOTE:  These  two  subroutines  are  not  being  utilized  by  the 

program.  No  provision  has  been  made  to  detect  these 
errors  in  the  aero  tables  not  to  call  these  subrou- 
tines.) 


2.  AMRK  - Numerical  Integration  Routine 
a.  Functional  description 


Numerical  integration  of  the  state  vector 
derivatives  is  accomplished  using  the  standard  four  pass  fixed  step 
Runge-Kutta  technique.  This  routine  numerically  solves  a simultaneous 
system  of  N first  order  differential  equations. 


AMRK  calls  AUXSUB,  which  inturn  calls  each  functional  module  to 
evaluate  state  vector  derivatives,  update  the  state  vectors,  and  calcu- 
late scalar  quantities  needed  for  evaluation  of  the  derivatives. 


Equations 


The  following  equations  show  the  calculations 
performed  by  AMRK.  All  state  vector  derivatives  are  evaluated  on  each 
gass  of  the  four  passes.  Specifically,  if  the  state  vector  derivative. 


, is  a function  of  time,  n state  vectors,  and  m scalar  quantities, 


Y.  = f(t,  Y . , X,  ) 

1 j=l,n  k=l,m 


Then  at  (t^  + t)  is  evaluated  by 


Y.  = Y.  + 1/6(K,  + 2K„  + 2k  + K.  ) 

1 iA  1 . 2 . 3 . 4 . 

0 1111 


where 


K,  = f(t  , Y.  . X,  . )At 
1.  v 0 j=l,n  k=l ,nv 


k2  - f 


K 


1. 


* to  + ~ ) ’ IV~ 


3=1, n' 


(i.,, 


At 


K3.  = f 
1 


K4.  = f 

1 


(t  + t),  (Y  + K ) (X  ) 

J0  j . . k 

j = l,n 
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and 


= Time  at  start  of  integration  step 

= Value  of  ith  state  vector  being  evaluated  at  start  of  inte- 
gration step 

Y ^ = Value  of  all  n state  vectors  at  start  of  integration  step 
t = Integration  step  size. 

Sometimes  it  is  necessary  to  avoid  calculation  of  source  scalar  quanti- 
ties on  all  but  the  first  pass  of  the  four  passes.  Therfore,  a flag, 
XNDRK,  is  set  to  specify  the  first  pass.  Accordingly, 

First  pass  - XNDRK  = + 1. 

All  other  passes  - XNDRK  = - 1. 

c . Initialization 

AMRK  integration  variables  (state  vector  derivatives) 
are  assigned  in  the  initialization  routine  of  each  functional  module. 

All  state  vector  derivatives  and  integrated  values  are  stored  in  the 
C-array.  The  IPL-array  stores  the  pointers  that  point  to  the  C-location 
or  index  of  the  derivative.  The  integrated  value  is  automatically  moved 
to. 3 C-locations  above  the  index  of  the  derivative.  For  instance,  if 
a second  order  derivative,  Y,  is  to  be  assigned  to  C-location  300,  then 
Y will  be  located  in  303.  Then  the  appropriate  initialization  routine 

1PL  (N)  = 300 
N = N + 1. 

This  will  result  in 

• • 

C (300)  = Y 
C (303)  = Y 

N is  the  counter  specifying  the  number  of  differential  equations  to  be 
evaluated.  N must  be  increased  by  the  number  of  differential  equations 
added  to  the  IPL-array  in  each  initialization  routine. 

If  it  is  desired  to  continue  the  integration  of  this  variable, 

Y,  to  bet  Y,  then 

I PL  (N)  = 300 
I PL  (N  + 1)  = 303 
N = N + 2. 
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This  will  result  in 

C (300  = Y 

C (303)  = Y 

C (306)  = Y 

d . Assumptions  and  Limitations 

There  are  two  important  restrictions  placed  on 

the  integration  scheme. 

(1)  Rail  Launched  Missiles.  If  the  missile 
is  rail  launched,  then  the  integration  stepsize  is  fixed  in  the  program 
at  0.002  sec  (in  seeker  initialization  routine).  This  was  done  so  that 
all  runs  viith  the  same  initial  conditions  would  have  the  same  rail  drop- 
off time,  regardless  of  the  input  value  of  integration  stepsize.  This 
was  deemed  necessary  because  rail  drop  off  is  checked  only  at  the  end  of 
an  integration  pass.  Thus,  if  integration  stepsize  is  varied  effectively, 
rail  length  and  rail  drop  off  time  would  vary,  resulting  in  slightly 
direct  flight  paths  for  identical  initial  conditions. 

Following  rail  dropoff,  the  integration  stepsize  is  switched  from 
0.002  sec  to  the  input  value.  Switching  is  normally  accomplished  in 
the  seeker  module,  since  integration  must  be  synced  with  the  seeker  sam- 
ple period  (see  following). 

(2)  Integration  Synchronization  with  Sample 
Period . Numerical  integration  must  be  synchronized  with  sample  period 
[2]  in  order  to  insure  accurate  integration.  Logic  is  built  into  the 
seeker  subroutines  to  insure  that  integration  and  sample  period  are 
synchronized.  This  is  accompliehd  by: 

At  = T/[AINI(T/AtINpuT)]  , 

where 

t = Sample  period  (sec) 

At i jqpuT  = InPut  integration  stepsize  (sec) 

AINT(X)  = Computer  function  that  integerizes  the  argument  (X) 

At  = Computer  integration  stepsize  that  the  program  will  use. 

The  above  function  will  always  compute  an  integration  stepsize  that  is 
equal  to  or  greater  than  the  input  stepsize.  Since  there  is  an  upper- 
bound  on  the  stepsize  that  can  be  used  to  integrate  the  differential 
equations  in  this  simulation  program,  there  is  the  possibility  that  a 
stepsize  larger  than  the  upper  bound  will  be  computed.  (Upper  bound  is 
approximately  12.5  msec,  with  the  exception  of  the  OCS  seeker  model 
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S2  which  has  an  upper  bound  of  approximately  0.5  msec).  Therefore, 
one  should  insure  that  a reasonable  step  size  is  input  and  verify  that 
a reasonable  stepsize  is  computed.  For  example,  if  the  sample  period 
is  16.7  msec,  then  a stepsize  of  8.35  msec  or  less  must  be  input  to 
insure  that  the  computed  stepsize  is  12.5  msec  or  less. 

e.  Input/Output  and  Cross  Reference  of  C -Array 

Tables  63,  64,  and  65  present  the  input/output 
and  cross  reference  of  C-array  for  AMRK. 


TABLE  63,  INPUT  FROM  DATA  CARDS  - AMRK 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

DELT 

At 

2664 

Integration  stepsize  (sec) 

TABLE  64.  INPUT  FROM  OTHER  MODULES  - AMRK 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

T 

t 

2000 

Flight  time  (sec) 

N 

NJ 

2661 

Number  of  differential  equations 

I PL 

I PL 

2562 

Integration  pointer  array 

C(J) 

Y . 
J 

I PL 

State  vector  derivatives 

C(J  + 3) 

Y . 
J 

I PL  + 3 

Integrated  value  of  state  vector 

TABLE  65.  OUTPUTS  - AMRK 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

C(J  + 3) 

Y. 

J 

I PL  + 3 

Integrated  value  of  state  vector 

XNDRK 

XNDRK 

1976 

Runge  - 
+1. 

-1. 

Kutta  pass  flag 
first  pass 

second,  third,  and  fourth  pass 
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3.  Trig  Special  Function  Routines:  COSD,  SIND,  and 

AT  AND 

The  special  function  trig  routines  COSD,  SIND,  and 
ATAND  allow  the  user  to  work  in  units  of  degrees  when  dealing  with 
angles.  Use  of  the  Fortran  supplied  functions  COS,  SIN,  and  ATAN2  is 
made  through  these  intermediate  special  function  routines.  The  input 
to  the  special  functions  COSD  and  SIND  is  Z,  an  angle  expressed  in 
degree,  while  the  outputs  are  returned  in  X and  Y,  respectively. 

Y = COSD(Z) 

Y = SIND(Z) 

Output  of  the  special  function  ATAND  is 

Z = ATAND(Y,X)  , 

where  Z is  an  angle  in  degrees  with  assignment  to  the  proper  quadrant 
and  a range  of  + 180  degrees. 

4.  DUMMY  - Auxiliary  Subroutine 

Subroutine  DUMMY  contains,  as  ENTRY  points,  all  of 
the  subroutine  names  called  in  the  simulation  program.  This  feature 
allows  the  program  to  be  modular ly  altered  (e.g.,  removing  a module  or 
subroutine  or  substituting  a module  or  subroutine)  without  the  necessity 
of  locating  and  removing  all  calls  to  nonexistent  subroutines.  A dis- 
advantage to  this  approach  is  that  the  inadvertent  omission  of  a needed 
subroutine  will  be  detectable  only  by  erroneous  output  results,  because 
the  subroutine  will  exist  as  an  entry  point  in  DUMMY,  and  a call  to  the 
subroutine  will  not  cause  a premature  program  termination. 

5.  DUMPO  - Auxiliary  Subroutine 

Subroutine  DUMPO  prints  the  entire  C-array  when 
called.  With  the  current  program  configuration,  DUMPO  can  be  called  a 
maximum  of  seven  times;  six  times  by  the  input  variable  DOC  and  one  time 
by  the  input  variable  OPTNIO. 

DOC  allows  C-array  dumping  for  six  integration  intervals,  starting 
with  t = 0,  and  continuing  for  the  next  five  integration  steps.  The  input 
variable,  DOC,  is  set  to  the  number  of  C-array  dumps  fewer  than  six 
desired.  Thus,  if  the  six  dumps  are  desired,  DOC  would  be  set  to  zero 
on  input.  If  no  dumps  were  desired,  DOC  would  be  set  to  six,  etc. 

DUMPO  is  called  by  subroutine  0UPT2  to  provide  a C-array  dump  at  t = 0 
if  DOC  is  input  less  than  six.  Subsequent  calls  (if  any)  of  DUMPO  are 
made  from  subroutine  0UPT3,  within  the  integration  loop. 
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If  the  input  variable,  OPTNIO,  is  set  greater  than  zero,  the  MAIN 
program  will  call  DUMPO  at  the  end  of  a case  and  dump  the  C-array, 

6.  FINTP1  - Aero  Table  Linear  Interpolation  of  a 

Function  with  one  Dependent  and  One  Independent 
Variable 

Function  F1NTP1  utilizes  the  following  equation  to 
linearly  interpolate  between  the  two  points  for  the  value  of  the  depend- 
ent variable  when  the  dependent  variable  is  a function  of  only  one  inde- 
pendent variable. 


The  argument  list  variables,  which  are  internal  inputs  to  the  subroutine, 
are  defined  as: 

X - Instantaneous  value  of  the  independent  variable  XI. 

XI  - Independent  variable  array. 

YI  - Dependent  variable  array. 

N - Number  of  points  in  the  arrays. 

F - Flag  that  allows  bypassing  the  computation  of  PCT. 

XL  - (Not  used) . 
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The  and  values  are  computed  in  FUNCTION  FINTP1  at  the  value  X of 
the  independent  variable  XI. 
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The  argument  list  variables,  which  are  internal  inputs  to  the  sub- 
routine, are  defined  as: 

X - Instantaneous  value  of  the  first  independent  variable  XI. 

Y - Instantaneous  value  of  the  second  independent  variable  YI . 

XI  - First  independent  variable  array. 

YI  - Second  independent  variable  array. 

ZI  - Dependent  variable  array. 

NXO  - Number  of  points  in  the  first  independent  variable  array. 

NY  - Number  of  points  in  the  second  independent  variable  array. 

NX  - Number  of  points  in  the  first  independent  array. 

F - Flag  that  allows  bypassing  the  computation  of  PCI. 

XL  - (Not  Used). 


8 . FINTP3  - Aero  Table  Linear  Interpolation  of  a 

Function  with  One  Dependent  and  Three  Independent 
Variables 

Dunction  FINTP3  utilizes  the  following  equations 
in  conjunction  with  FUNCTION  FINTP2  to  linearly  interpolate  between  two 
points  for  the  value  of  the  dependent  variable  when  the  dependent  vari- 
able is  a function  of  three  independent  variables: 

w = PCT(W2  ‘ w|_)  + > 

where 

2 - Z1  \ 

Z2-Zl/ 

The  w^  and  w^  values  are  computed  in  FUNCTION  FINTP2  at  the  value  Y of 
the  independent  variable  YI . The  Z ^ and  Z^  values  are  computed  in 
FUNCTION  FINTP1  at  the  value  X of  the  independent  variable  XI. 
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The  argument  list  variables,  which  are  internal  inputs  to  the  subroutine 
are  defined  as: 

X - Instantaneous  value  of  the  first  independent  variable  XI. 

Y - Instantaneous  value  of  the  second  independent  variable  YI . 

XI  - First  independent  variable  array. 

ZI  - Third  independent  variable  array. 

WI  - Dependent  variable  array. 

NZ  - Number  of  points  in  the  ZI  array. 

NY  - Number  of  points  in  the  XI  array. 

F - Flag  to  bypass  computation  of  PCT  in  FUNCTION  FINTP2. 

XL  - (Not  used). 


9. 


RESET  - Multicase  Variable  Reinitialization 


Subroutine  RESET  is  called  by  MAIN  prior  to  the 
second  and  subsequent  trajectory  simulation  cases.  Variables  for  which 
the  reset  flag  was  set  on  the  type  3 input  data  cards  will  be  reinitial- 
ized to  the  initial  values  specified  on  the  corresponding  type  3 cards. 
Thus,  if  a type  3 card  for  C(1615)  (missile  X-coordinate)  specified  an 
initial  value  of  -1000  ft,  and  the  reset  flag  (columns  46  to  60)  was  1., 
then  subroutine  RESET  would  reinitialize  C(1615).  The  operation  of 
RESET  consists  of  effectively  setting  C(LISTN0(I))  equal  to  VALUE (I ) , 
for  I ranging  from  one  to  NOLIST.  NOLIST,  and  the  arrays  LISTNO(I)  .and 
VALUE(I),  are  defined  by  the  input  subroutine  0INPT1.  NOLIST  specifies 
the  number  of  elements  in  the  C-array  which  are  to  be  reset,  LISTNO(I) 
specifies  the  index  of  the  C-array  of  the  Ith  element  to  reset,  and 
VALUE(I)  specifies  the  initial  value  to  which  C(LISTN0(I)  will  be  reset. 

10.  Subroutine  STGE2 

STGE2  initializes  the  STGE3  switches  KCONV,  LCONV, 
and  KSTEP.  These  switches  are  initialized  as: 

KCONV  = 0 
LCONV  - 0 
KSTEP  = 1 


11.  Subroutine  STGE3 

a.  Functional  Description 

STGE3  controls  normal  trajectory  computation 
termination  and  calls  0UPT3  for  output  following  trajectory  termination. 
There  are  three  modes  of  normal  trajectory  computation  termination 
handled  by  STGE3.  The  events  defining  these  three  modes  are: 

1)  Flight  time  (T)  reaches  the  input  maximum  flight  time 
boundary  (TF) . 

2)  Missile  reaches  the  point  of  closest  approach  to  the  target 
trajectory  intersects  the  target  plane)  (flagged  in  G4) . 

3)  Missile  flies  into  the  ground  (flagged  in  G4) . 

Trajectory  computation  will  be  terminated  by  the  event  that  occurs  first. 
When  termination  is  to  occur  as  a result  of  one  of  the  previously 
mentioned  events,  STGE3  sets  the  switch  KSTEP  equal  to  2 to  flag  MAIN 
that  the  case  is  to  be  terminated. 

Mode  1 is  handled  directly  by  STGE3.  The  actual  flight  time  T is 
compared  to  the  input  maximum  flight  time  boundary  TF.  If  T is  within 
0.01  sec  of  TF,  STGE3  sets  the  switch  KSTEP  for  case  termination.  How- 
ever, if  T exceeds  TF,  STGE3  initiates  an  integration  step  size  halving 
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scheme  to  iterate  for  a final  integration  step  size  to  force  T to  fall 
within  the  0.01-sec  tolerance  of  FT.  If,  however,  T does  not  fall 
within  this  tolerance  of  TF  after  ten  interval  halving  passes,  the  case 
will  be  automatically  terminated. 

Modes  2 and  3 are  handled  indirectly  by  STGE3.  These  events  are 
determined  in  other  modules  with  the  module  making  the  determination 
setting  the  switch  LCONV  equal  to  2 to  flag  STC.E3  that  an  event  has 
occurred  and  that  trajectory  computation  is  to  terminate.  STGE3  moni- 
tors LCONV,  and  when  a value  of  2 appears,  STGE3  sets  the  switch  KSTEP 
equal  to  2 to  flag  MAIN  that  the  case  is  to  be  terminated. 

The  definition  of  variables  used  in  STGE3  is  given  in  Table  66. 

b . Initialization  Subroutine 

Subroutine  STGE2  initially  sets  the  flags 
LCONV  = 0 and  KSTEP  = 1.  STC.E2  is  called  by  subroutine  SUBL2  at  the 
start  of  trajectory  initialization. 

i.?.  ZERO  - Auxiliary  Subroutine 

Subroutine  ZERO  zeros  certain  elements  of  the  C-array. 
The  variable  names  aid  the  corresponding  C-array  indices  are: 

Variable  C-array 

Name  Index 

NPLCfT  1984 

OPOINT  2023 

N0M0D  2361 

NOSUB  2461 

NOLIST  3066 

N00UT  3167 

G.  Input/Output  Subroutines 

1.  0INPT1  - Input  Subroutine 

Subroutine  0INPT1  reads  the  input  data  cards.  The 
input  information  is  stored  in  arrays  determined  by  the  data  card  type 
number  (see  Section  IV  for  input  data  card  formats).  Table  67  lists 
the  input  data  card  types  and  Table  68  lists  the  array  in  which  input 
information  is  stored.  Other  than  the  type  6 card,  which  must  come 
at  the  end  of  a data  set,  the  cards  can  be  input  in  any  order.  The 
module  and  staging  subroutine  control  cards;  however,  the  order  must 
correspond  to  the  desired  execution  order  of  t'^e  subroutines  and 
modules . 
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TABLE  66.  DEFINITION  OF  VARIABLES  USED  IN  STGE3 


Fortran 

Source  Module(s) 

Symbol 

C Index 

or  Input  Data 

Definition 

T 

2000 

AMRK 

Number  of  seconds  into  flight  simu- 
lation (flight  time) 

TF 

2001 

INPUT 

Upper  bound  to  simulation  flight 
time  (flight  time  cutoff)  (sec) 

PONT 

2003 

OUPT2 

Time  boundary  in  seconds  below 

OUPT3 

which  no  output/plotting  from 

STGE3 

0UPT3  is  performed 

STEP 

2010 

INPUT 

Switch  that  specifies  the  nature 
of  the  next  case  that  follows 
termination  of  this  case. 
(STEP=11  indicates  that  no  addi- 
tional case  follows  ) 

KSTEP 

2011 

STGE2 

Switch  used  to  flag  MAIN  that 

STGE3 

run  termination  has  occurred 
(Set  to  1 in  STGE2;  set  to  2 in 
STGE3) 

1 - continue  integration 

2 - stop  integration 

LCONV 

2020 

STGE2 

Switch  used  to  flag  STGE2 

G4 

that  run  termination  is  to  occur. 

S2 

0 - continue  integration 

S3 

1 - ? 

2 - terminate  computation 

DER(l) 

2664 

INPUT 

Integration  step  size  (sec) 

KCONV 

2021 

STGE2 

Pass  counter  for  step  size  halv- 

0UPT2 

ing  in  the  iteration  loop  to 

STGE3 

force  T within  the  hard  wired 
tolerance  of  0.01  sec  of  TF. 

(Set  to  zero  in  STGE2  and  0UPT2) 

N 

2561 

Counter  for  loading  I PL 

NPT 

1975 

Program 

array  integration  mode  control 

NJ 

1974 

Variables 

switch  number  of  derivations 
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TABLE  67.  INPUT  DATA  CARD  INFORMATION 


TABLE  68.  FORTRAN  ARRAY  NAMES 


The  logic  of  0IXPT1  reads  variable  values  on  type  3 cards  directly 
into  the  specified  position  of  the  C-arrav  in  the  order  in  which  the 
cards  are  read.  Hence,  a previously  defined  element  of  the  C-array 
will  be  overridden  by  the  new  value  if  the  same  C-index  is  specified 
on  another  3-card  encountered  later  in  the  data  card  set.  Thus,  an 
input  variable  can  be  changed  in  the  data  card  set  by  simply  adding 
the  desired  card  behind  the  original  one(s)  in  the  set.  This  cannot 
be  done,  however,  with  the  data  cards  other  than  type  3 cards.  Adding 
an  additional  type  2 (module  selection)  card,  for  example,  without 
removing  the  one  to  be  replaced  will  cause  both  modules  to  be  executed 
in  the  integration  loop. 

2.  0UPT3  - Output  Subroutines 

a.  Functional  Description 

0UPT3  controls  printed  output  of  desired  data 
generated  during  integration  of  the  missile  trajectory.  Specifically, 
0UPT3  performs  the  following: 

1)  Saves  maximum  and  minimum  values  of  the  Y and  Z components  of 
laser  designator  spot  jitter. 

2)  The  C-array  dump  option  (DOC)  that  allows  output  of  the  C-array 
at  the  first  DOC-6  integration  steps  is  exercised  in  this  routine. 

0UPT3  checks  the  flag  ITCNT  (if  ITCNT  < 6,  dump  C-array)  to  determine 

if  a C-array  dump  is  desired.  ITCNT  is  set  initially  to  DOC  + 1 in 
0UPT2  and  bumped  up  by  1 each  pass  through  0UPT3  until  it  exceeds  6. 

No  C-array  dump  is  made  if  ITCNT  is  greater  than  6. 

3)  The  trajectory  time  (T)  and  integration  step  size  (DER(l))  is 
printed  out  by  0UPT3,  following  a change  in  integration  step  size  made 
in  the  integration  subroutine,  AMRK. 

4)  Output  data  specified  on  type  4 input  data  cards  is  output  from 
0UPT3.  The  symbol  names  located  in  the  second  and  third  ALPHA  fields  of 
type  4 data  cards  are  printed  out  five  symbols  per  row  with  double  spac- 
ing between  each  row.  This  symbol  block  is  output  before  the  first  block 
of  output  data  is  printed  and  then  every  two  pages  of  print  thereafter. 
The  value  of  the  parameters  specified  by  the  C-index  on  type  4 cards 

is  printed  out  at  each  time  point  interval  specified  by  the  input  vari- 
able, CPP.  These  data  blocks  are  output  until  two  pages  of  print  are 
filled.  At  this  time,  the  symbol  block  is  reprinted,  followed  by  a 
resumption  of  the  data  block  output  print. 

b . Initialization  Subroutine 

0UPT2  sets  KCONV,  the  run  termination  switch 
to  zero,  initializes  certain  output  and  plot  flags  and  calls  DUMPO  to 
execute  the  first  C-array  dump  if  DOC  < 6. 
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3. 


PLOT 4-PLOT  Routine 


a.  Functional  Description 

The  6 DOF  simulation  program  has  a plotting 
capability.  However,  the  array  (GRAPH)  and  the  file  (TAPE1)  for  storing 
and  disposing  of  plot  requested  data  are  not  a permanent  part  of  the 
simulation  program.  Instead,  a plot-package  UPDATE  deck  and  a DISPOSE 
card  must  be  used  when  making  runs  requiring  plots. 

This  approach  was  taken  because  the  addition  of  the  storage  part 
of  the  plot  package  increased  the  memory  requirements  significantly. 
Thus,  to  keep  job  turn-around  time  in  the  computer  as  low  as  possible 
for  normal  runs,  the  plot  storage  package  was  not  included  as  a perma- 
nent part  of  the  program. 

Plotting  is  done  with  the  Houston  Instrument  COMPLOT  Digital  Incre- 
mental Plotter.  This  plotter  is  not  available  at  the  central  computer 
site,  but  instead  is  tied  to  and  driven  on-line  at  various  remote  ter- 
minals. This  means  that  the  operation  (loading  paper,  pens,  turning 
on,  etc.)  of  the  plotter  is  left  up  the  user. 

Plot  data  are  stored  on  a disc  file  named  TAPE1.  To  plot,  TAPE1 
must  be  disposed  of  when  the  run  is  completed.  This  is  done  by  placing 
a DISPOSE  card  in  the  job  control  language  input  stream.  For  example, 
to  plot  on  the  COMPLOT  at  a remote  terminal  logged  in  as  GT  use  the 
following  dispose  card: 

DISP0SE(TAPE1,  PR  = IGT) 

Place  the  DISPOSE  card  after  the  LGO  card.  In  addition,  to  avoid 
losing  plot  data  if  an  abnormal  termination  occurs  during  execution, 
place  a DISPOSE  card  after  the  EXIT  card  as  well. 

A summary  of  plot  capability  utilization  follows: 

1)  Use  the  following  UPDATE  package: 

*IDENT  PL0T1 
*DELETE  MC7.3 

. ,TAPE1)  (start  in  card  column  6) 

*1 NSERT  MC7.43 

DIMENSION  GRAPH  (300,15)  (start  in  card  column  7) 

-'•INSERT  10.165 

DIMENSION  GRAPH  (300,15)  (start  in  card  column  7) 

••’•INSERT  10.200 

DIMENSION  GRAPH  (300,15)  (start  in  card  column  7) 

•••DELETE  PLOT. 6 
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2)  Place  a DISPOSE  card  after  the  LGO  card;  example, 

DISPOSE  (TAPE1 , PR  = IGT) 

3)  Input  7-cards  and  3-cards  as  required.  A description  of  7- and 
3-cards  required  for  plotting  is  given  in  Section  IV.  A.  7. 

b . Input/Output 

Up  to  15  variables  may  be  plotted  for  a given 
trajectory  simulation.  Plotting  is  controlled  by  use  of  7-cards  with 
plotting  options  falling  in  two  categories.  The  first  category  involves 
the  plotting  of  time  histories  and  the  second  involves  plotting  of 
selected  pairs  of  variables,  one  against  the  other. 

(1)  Time  History  Plots.  Y versus  T.  For  each 
7-card  input,  one  variable  (specified  by  the  C-index  on  the  7-card)  will 
be  plotted  against  time.  The  time  array  is  saved  automatically.  Scaling 
of  the  ordinate  axis  may  be  automatic  (based  on  range  of  data  in  plot 
array)  or  the  ordinate  scale  limits  may  be  specified.  The  7-card  con- 
tains the  following  input  fields: 


a) 

7 in  card  column  2. 

b) 

Ordinate  label,  card  column  9 to  20. 

c) 

C-index  of  variable  to  be  plotted  against  time, 
in  card  columns  21  to  25. 

right  adjusted 

** 

d) 

Scale  option,  card  column  27  - 

0 - automatic  scaling 

1 - fixed  scale  limits. 

Tv 

e) 

Limits  for  fixed  scale  (Y-axis  only)  - 

Upper  limit,  card  columns  31  to  45 
Lower  Limit,  card  columns  46  to  60. 

The  time  axis  is  automatically  scaled  based  on  the  data  range  of  the 
time  array. 


(2)  Paired  Plots.  Y versus  X.  Any  variable 
in  the  C-array  may  be  plotted  against  any  other  variable  in  the  C-array. 
This  option  requires  a 3-card  to  specify  the  number  of  paired  plots 
and  7-card  for  the  abscissa  and  a 7-card  for  the  ordinate.  Thus,  one 
paired  plot  requires  two  7-cards.  In  addition,  an  order  must  be 
observed  in  reading  these  cards  in.  The  order  is  as  follows: 

a)  All  paired  plot  7-cards  must  be  in  front  of  all  nonpaired  plot 
7-cards. 

b)  All  paired  plot  variables  must  be  on  consecutive  7-cards. 


c)  The  abscissa  7-card  (X)  must  be  the  first  7-card  in  a paired 
plot  pair. 

d)  The  number  of  paired  plots  must  be  specified  by  3-card  input 
variable  PL0TN2,  whose  C -index  is  1983. 

The  paired  plot  7-card  contains  the  following  input  fields: 

a)  7 in  card  column  2. 

b)  Axis  label  in  card  column  9 to  20. 

c)  C-index  of  plot  variable  right  adjusted  in  card  columns  21  to 
25. 

d)  Scale  option,  card  column  27 

0 - automatic  scaling 

1 - fixed  scale  limits,  ordinate  only,  abscissa  automatically 

scaled 

2 - fixed  scale  limits,  ordinate  and  abscissa. 

e)  Limits  for  fixed  scale  - 

Upper  limit,  card  colunns  31  to  45. 

Lower  limit,  card  columns  46  to  60. 

Each  variable  on  the  paired  plot  7-cards  will  be  plotted  versus  time 
(under  the  first  category)  before  the  paired  plots  are  made.  These  time 
history  plots  may  be  suppressed  by  setting  PL0NT4  = 1.  This  option 
will  eliminate  all  time  history  plots.  Therefore,  if  this  option  is 
selected  and  it  is  desired  to  have  some  time  history  plots,  then  the 
time  history  variable  and  the  variable  time  (T)  will  have  to  be  treated 
as  paired  plot  variables. 

c.  Input/Output  Variables  and  Cross  Reference 
of  C-Array 

The  input/output  variables  and  cross  reference 
of  C-array  are  presented  in  Tables  69,  70,  71. 


TABLE  69.  INPUT  FROM  DATA  CARDS  (3-CARD)  - PLOT 4 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

PLOTN2 

1983 

Number  of  paired  plots 

PL0TN4 

1982 

Time  history  suppression  switch  - 

0 - plot  all  paired  plot  variables  against  time 

1 - plot  no  automatic  time  histories 

PPP 

2005 

Plot  sample  interval  (sec) 

PST 

2002 

Plot  sample  start  time  (sec) 

TABLE  70. 


INPUT  FROM  OTHER  MODULES  AND  SUBROUTINES  - PLOT 4 


Fortran 

Symbol 

Symbol 
Used  in 
Text 

C 

Index 

Definition 

GRAPH (I, J) 

None 

Storage  array  for  the  Ith  time  point  of  the 
Jth  variable  to  be  plotted.  Defined  in 
OUPT3 

TIME(I) 

2025 

to 

2324 

Storage  array  for  the  Ith  time  point  of 
flight  time.  Defined  in  0UPT3 

TABLE  71.  OUTPUT  - PLOT 4 


Symbol 

Fortran 

Used  in 

C 

Symbol 

Text 

Index 

Definition 

A plot  file,  TAPE1,  contains  all  plot  data. 

To  plot,  TAPEl  must  be  disposed  of 

when  the 

ran  is  completed.  This  is  done  by  palcing 

a DISPOSE  card  after  the  LGO  card. 

For 

example,  to  plot  at  remote  terminal 
DISPOST  (TAPEl,  PR  = lGT) 

GT: 

IV.  INPUT/OUTPUT  FORMAT 

A.  Input 

1.  Introduction 

Program  inputs  fall  into  ten  major  categories.  The 
cateogry  of  each  data  card  input  is  identified  to  the  input  section  of 
t the  program  by  the  card  type  punched  in  card  column  1.  The  data  cate- 
gories and  the  corresponding  card  types  are  indicated  in  Table  72. 

The  program  is  designed  in  the  deterministic  mode  to  sequentially 
simulate  multiple  trajectory  cases  in  a single  run;  or  in  the  stochastic 
mode,  a number  of  Monte  Carlo  runs  are  made  (the  number  of  runs  deter- 
mined by  the  number  of  6-cards  in  the  data  deck)  followed  by  statistical 
analysis  performed  on  the  data  generated.  An  example  data  deck  setup 
for  a deterministic  run  is  shown  in  Figure  53.  A Monte  Carlo  deck 
setup  is  shown  in  Figure  54.  The  program  input  logic  is  structured  to 
optionally  allow  the  input  data  sets  for  successive  cases  to  include 
only  data  which  differs  from  or  augments  data  in  the  immediately  pre- 
ceding case.  Thus,  for  example,  if  case  2 differed  from  case  1 by 
only  the  value  of  the  launch  heading  azimuth  angle,  then  only  the  new 
value  of  launch  heading  azimuth  angle  would  be  required  in  data  set  2. 
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TABLE  72. 


INPUT  DATA  CATEGORIES  AND  CORRESPONDING  CARD  TYPE 


Card 

Type 

(Card  COL  1) 

Data  Category 

1 

Output  and  staging  subroutine  selection 

2 

Module  selection 

3 

Program  parameter  input  values 

4 

Print  variable  selection 

6 

Data  set  termination  indicator 

7 

Plot  variable  selection 

8 

Monte  Carlo  input  parameter  selection 

9 

CEPAS  control  information 

10 

Mean  and  standard  deviation  output  variable 
selection 

The  program  is  designed  in  the  deterministic  mode  to  sequentially 
simulate  multiple  trajectory  cases  in  a single  run;  or  in  the  stochasitc 
mode,  a number  of  Monte  Carlo  runs  are  made  (the  number  of  runs  deter- 
mined by  the  number  of  6-cards  in  the  data  deck)  followed  by  statisti- 
cal analysis  performed  on  the  data  generated.  An  example  data  deck 
setup  for  a deterministic  run  is  shown  in  Figure  52.  A Monte  Carlo 
deck  setup  is  shown  in  Figure  53.  The  program  input  logic  is  structured 
to  optionally  allow  the  input  data  sets  for  successive  cases  to  include 
only  data  which  differs  from  or  augments  data  in  the  immediately  pre- 
ceding case.  Thus,  for  example,  if  case  2 differed  from  case  1 by  only 
the  value  of  the  launch  heading  azimuth  angle,  then  only  the  new  value 
of  launch  heading  azimuth  angle  would  be  required  in  data  set  2. 

Program  variables  which  can  be  set  by  input  are  initialized  to 
zero  by  the  program  prior  to  reading  the  input  cards  for  the  first 
case.  Consequently,  program  constants  (constant  gains,  deadband  angles, 
etc.)  which  are  to  have  values  of  zero  do  not  require  an  input  card. 
Program  variables  which  are  to  be  initialized  to  zero,  but  varies  during 
simulation,  however,  will  require  an  input  card  with  the  initial  value 
reset  flag  set  if  multiple  cases  are  being  run,  and  the  desired  initial 
value  of  the  variable  is  zero  for  each  case. 

The  program  input  logic  does  not  require  that  the  cards  be  arranged 
according  to  card  type  sequence.  Thus,  type  1,  type  2,  etc.,  cards  can 
appear  anywhere  in  a data  set;  cards  of  a given  type  can  even  be  sepa- 
rated by  different  card  types.  The  order  of  appearance  of  the  type  2 
(module  selection  cards),  however,  dictates  the  execution  order  of  the 
modules  during  a simulation.  Because  the  module  execution  order  is 
critical  to  a valid  simulation,  the  order  of  appearance  of  the  type  2 
cards  within  a data  set  must  be  as  specified  in  Section  IV.  A.  3. 
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CEPAS  CONTROL  CARD 


As  was  previously  mentioned,  the  number  of  runs  in  a Monte  Carlo 
run  set  is  controlled  by  the  number  of  6-cards  in  the  data  deck.  CEP 
calculations  are  controlled  by  a 9-card  (Figure  53).  CEPAS  information 
and  type  9 cards  are  handled  differently  from  all  other  card  types.  In 
this  case,  no  other  information  other  than  card  type  number  is  punched 
on  this  card.  The  CEPAS  control  parameter  card  is  placed  immediately 
following  the  type  9 card.  The  type  9 card  and  CEPAS  control  parameter 
card  are  then  placed  in  front  of  the  last  type  6 card. 

2.  Card  Type  1 - Output  and  Staging  Subroutine  Selection 

Data  entered  on  type  1 cards  controls,  in  principle, 
which  output  and  staging  subroutines  are  used  during  a mimulation.  With 
the  current  configuration  of  the  program,  however,  only  one  option  is 
available.  Therefore,  the  type  1 cards  must  be  input  as  shown  in  Figure 
54  (the  order  of  appearance  in  the  deck  is  unimportant). 

3.  Card  Type  2 - Module  Section 

Data  entered  on  type  2 cards  determines  which  modules 
will  be  executed  during  a simulation.  Moreover,  as  previously  mentioned, 
the  order  of  appearance  in  the  deck  of  the  type  2 cards  determines  the 
order  of  module  execution.  Therefore,  the  cards  must  be  input  in  the 
order  as  illustrated  in  Figure  55.  The  winds  module  (G2)  cards  can  be 
omitted  if  a run  is  to  be  made  with  no  winds. 

The  module  name  field  is  used  for  data  identification  only.  Any 
name,  comment,  etc.,  can  be  entered  in  this  field.  The  module  number 
must  be  the  number  (shown)  recognized  by  the  program. 

4.  Card  Type  3 - Program  Parameter  Input  Values 

The  type  3 cards  specify  initial  parameter  variable 
values.  If  the  reset  flag  is  set  to  1,  the  program  will  reset  the  variable 
to  the  input  value  at  the  end  of  the  case  corresponding  to  the  data  set. 
Any  subsequent  cases,  therefore,  will  use  the  same  initial  variable  value, 
until  a data  set  is  encountered  which  changes  the  initial  value.  If  mul- 
tiple cases  are  being  run,  each  variable  that  changes  its  value  during  the 
simulation  should  either  have  the  reset  flag  set  or  have  an  initial  value 
defined  for  each  case;  otherwise,  cases  after  the  first  will  be  initiated 
with  the  variable  equal  to  its  terminal  value  in  the  preceding  case. 

Initial  values  from  type  3 cards  are  read  directly  into  a single 
array  using  the  number  entered  in  column  21  through  25  as  the  array  sub- 
script. Therefore,  the  index  value  must  be  right  justified  and  represent 
the  correct  array  index.  Table  73  shows  the  array  index  for  each  input 
variable.  The  name  field  is  for  print  identification  only.  Because  the 
initial  value  data  on  type  3 cards  is  read  directly  into  the  location  in 
the  variable  array  specified  on  the  card,  two  or  more  type  3 cards  with 
the  same  index  entry  will  result  in  all  but  the  last  input  value  being 
obliterated.  The  last  encountered  value  will  be  the  one  used  for  the 
parameter  initial  value. 
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RIGHT  JUSTIFY 


Figure  55.  Type  2 card  format 


MODULE  NAME 


UNPUT  DATA  CARD 
PRINT  IDENT  ONLY) 


2 G2 
2 G3 
2 SPOT 
2 G5 
2 A1 


TABLE  73.  INPUT  DATA 


l 


Fortran  C 
Symbol  Index 


Definition 


PLOTN2  1983 
PL0TN4  1982 


PPP  2005 

PST  2002 


Input  to  Executive  Routines 

Plot  Control  (see  Section  III.  E.  3) 

Number  of  paired  plots 

Time  history  plot  suppression  switch: 

0 - plot  all  paired  plot  variables  against  time 

1 - plot  no  automatic  time  histories 

Plot  sample  interval  (sec) 

Plot  sample  start  time  (sec) 

Use  UPDATE  package  listed  below. 


-•'I DENT  PLOT1 
---DELETE  MC7.3 

. , TAPEl)  (Start  in  card  column  6) 

-'-INSERT  MC7.43 

DIMENSION  GRAPH (300, 15)  (Start  in  card  column  7) 
'--INSERT  10.165 

DIMENSION  GRAFH(300,15)  (Start  in  card  column  7) 
-'-INSERT  10.200 

DIMENSION  GRAPH (300 , 15)  (Start  in  card  column  7) 
-'-DELETE  PLOT. 6 


Place  a DISPOSE  card  after  the  LGO  card;  example 


DISP0SE(TAPE1,  PR  = ICT) 


CPP 

DOC 

OPTN10 


2015 

2013 

2022 


Print  Control 
Printing  interval  (sec) 

Allows  dumping  of  C-array  for  the  first  (6  DOC) 
integration  intervals  (normally  input  6.) 

C-array  dump  option  end  of  run: 


T 

TF 


2000 

2001 


0 - no  C-array  dump 

1 - dump  C-array  at  end  of  run 

Integration  Parameters 

Initial  value  of  flight  time  (sec) 

Maximum  allowable  flight  time  (sec) 
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AD-A032  048 


UNCLASSIFIED 


ARMY  MISSILE  RESEARCH  DEVELOPMENT  AND  ENGINEERING  LAB— ETC  F/G  16/4 
THAD  T-7  MISSILE  MONTE-CARlO  TlRMINAL  homing  simulation  utilizi — ETC ( U) 
JUL  76  C L LEMIS’  M R HOOKER*  A W LEE 


RG-7T-2 


NL 


3 OF  7 

ADA032048 


DA032048 


1 


TABLE  73.  (Continued) 


Fortran 

Symbol 

C 

Ind  ex 

Definition 

DER(l) 

2664 

Integration  step  size  (sec) 

Multiple  Run  Control 

STEP 

2010 

Flag  that  indicates  the  nature  of  the  next  case  to  be 
run.  STEP  may  take  on  any  one  of  eleven  values. 

The  input  value  of  STEP  determines  the  point  in 
MAIN  at  which  the  next  case  will  be  start  execution. 
Normal  input  values  are: 

2 - normal  run  follows 
11  - terminate  case 

(The  entry  point  in  MAIN  based  on  the  value  of 
STEP  is  indicated  in  Figure  64  for  all  values  of 
STEP  from  1 to  11  ) 

Constants  for  Simulation 

AGRAV 

1627 

Gravity  constant  (ft/sec) 

RHZRO 

1665 

Distance  of  earth  fixed  coordinate  above  sea  level 
(ft) 

CRAD 

1751 

Radians  to  degrees  conversion  factor  (57.295778  hard- 
wired in  module  Dll) 

Missile  Weight.  Engine,  and  Airframe  Parameters 

qnalgn 

1403 

Engine  misalignment  option  switch  (QNALGN  > 0)  selects 
engine  misalignment) 

QBURN 

1405 

Engine  burnout  switch  (QBURN  > 0)  signals  engine 
burnout  at  simulation  initiation) 

CISP 

1414 

Specific  impulse  (sec) 

DOT 

1415 

Missile  weight  (lb) 

DWP 

1416 

Propellant  weight  (lb) 

RDCGO 

1417 

Launch  value  of  CG  dispalcement  along  X-body  axis  (ft) 

RDCGF 

1418 

Burnout  value  of  CG  displacement  along  X-body  axis  (ft) 

FMXO 

1419 

Initial  moments  of  inert?la  about  X and  Y body  axes 

FMIYO 

1420 

(Due  to  assumed  missile  axis  symmetry,  FMIZF  is 

2 

taken  to  be  equal  to  FMIYF)  (slug-ft  ) 

RLCCO 

1431 

Distance  between  launch  CG  and  REAR  lug  (ft) 
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TABLE  73.  (Continued) 


Fortran 

C 

Symbol 

Index 

Definition 

Missile  and  Target  Initial  Position  and  Velocity 

(Input  of  the  following  parameters  is  governed  by  the 
two  input  options,  0PTN2  and  0PTN4;  see  Table  74  • 

RXE 

1515 

Initial  components  of  missile  in  earth  fixed 

RYE 

1619 

coordinate  system  (ft) 

RZE 

1623 

VXE 

1603 

Initial  velocity  components  of  missile  in  earth  fixed 

VYE 

1607 

coordinate  system  (ft/sec) 

VZE 

1611 

BPSIO 

1754 

Initial  body  yaw  Euler  angle  (deg) 

BTHTO 

1753 

Initial  body  pitch  Euler  angle  (deg) 

BPHIO 

1752 

Initial  body  roll  Euler  angle  (deg) 

BTHTG 

427 

Initial  seeker  pitch  gimbal  angle  (deg) 

BPSIG 

431 

Initial  seeker  yaw  gimbal  angle  (deg) 

RTXE 

1651 

Target  position  in  earth  fixed  coordinate  system 

RTYE 

1655 

(normally  zero)  (ft) 

RTZE 

1659 

R SLANT 

1667 

Initial  magnitude  of  the  line-of-sight  vector  (slant 

range)  (ft) 

BSLOV 

1666 

Initial  value  of  the  line-of-sight  vector  angle 

(measured  in  a vertical  plane  from  missile  local 
horizontal  to  the  line-of-sight  vector  (deg). 

VWXE 

100 

Initial  velocity  components  of  a steady  wind  in  the 

earth  coordinate  system  (ft/sec) 

VWYE 

101 

VWZE 

102 

VMACH 

204 

Initial  value  of  Mach  number 

VMWTE 



1674 

Initial  velocity  of  missile  relative  to  the  wind 
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TABLE  73.  (Continued) 


Fortran 

Symbol 

C 

Index 

Definition 

Launcher  Parameters  (Input  Only  if  0PTN4  > 0) 

RAIL 

1317 

Rail  length  (between  rear  of  front  lug  and  end  of  rail) 
(ft) 

RLUG 

1316 

Spacing  between  front  and  rear  missile  launch  lugs  (ft) 

VI B 

626 

Launch  transient  vibration  flag: 

0 - no  vibration 

1 - run  with  vibration 

Options 

OPNW 

50 

Wind  option  selector: 

0 - no  winds  (no  input  required) 

1 - steady  winds  (see  Table  75)  for  input  data 

requirements 

QNALGN 

1403 

Thrust  misalignment  option  selector: 

0 - no  thrust  misalignment  (no  inputs  required) 

1 - compute  thrust  misalignment  forces  (see  Table  75 

for  input  data  requirements) 

QBURN 

1405 

Engine  burnout  switch: 

0 - engine  burn 

1 - initialize  trajectory  after  engine  burnout  (see 

Table  77  for  additional  inputs) 

OPTARG 

1639 

Target  motion  option: 

0 - no  target  motion  (no  additional  input  required) 

1 - integrate  target  motion  to  update  target  posi- 

tion (see  Table  70  for  input  data  requirements) 

0PTN2 

3502 

Initial  position  and  velocity  input  option  (see  Table 
74) 

0 - input  position  and  velocity  of  missile  and  input 

position  of  target.  Input  Euler  angles  of 
missile  and  seeker  gimbal  angles.  Input  missile 
initial  velocity  relative  to  the  wind  (VMWTE  or 
VMACH)  and  wind  velocity  components  (if  wind 
option  0PTNW  = 1) 

1 - input  R SLANT  and  BLSOV.  Initial  position  compo- 

nents (RXE,  RZE)  are  computed  from  RSLANT  and 
BSLOV.  RYE  automatically  set  to  zero.  Initial 
velocity  components  (VXE,  VYE,  VZE)  computed 
from  the  wind  velocity  (VWXE,  VWYE,  VWZE  which 
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TABLE  73. 


(Continued) 


Fortran 

Symbol 


C 

Index 


Definition 


0PTN3 


0PTN4 


3503 


350^ 


must  be  input)  and  missile  velocity  relative  to 
the  wind  (VMACH  or  VMWTE,  which  also  must  be 
input).  Target  position  automatically  set  to 
zero 

2 - input  initial  position  components  RXE  and  RZE 
(RYE  automatically  set  to  zero) . RSLANT  com- 
puted from  RXE  and  RZE.  Initial  velocity  com- 
ponents (VXE,  VYE,  VZE)  computed  from  wind 
velocity  and  missile  velocity  relative  to  the 
wind  (VMACH  or  VMVTE,  which  also  must  be  input.) 
Initial  target  position  automatically  set  to 
zero 

Roll  rate  option  selector: 

0 - compute  roll  rate  from  moments  about  roll  axis 

1 - maintain  roll  rate  at  zero  or  input  constant 

Rail  launch  dynamics  and  fire  selector  option: 

(see  Table  74  for  input  data  requirements) 


0 - no  rail  dynamics  compute;  direct  fire.  Input 

initial  seeker  gimbal  angles  (BTHTG,  BPSIG). 

The  initial  body  Euler  angles  (BPSIO,  BTHTO) 
are  computed  from  the  seeker  gimbal  angles 
under  the  constraint  that  the  X-gimbal  axis 
points  along  the  line-of-sight  vector.  (BFHIO 
is  automatically  set  to  zero) 

1 - rail  dyanmics  computed;  direct  fire.  Input 

initial  body  Euler  angles  (BPSIO,  BTHTO)  . (.BFHIO 
automatically  set  to  zero).  The  initial  seeker 
gimbal  angles  (BTHTG,  BPSIG)  are  computed  from 
the  initial  body  Euler  angles  under  constraint 
that  the  X-gimbal  axis  points  along  the  line-of- 
sight  vector.  (BPHIO  is  automatically  set  to 
zero) 

2 - rail  dynamics  computed;  indirect  fire.  Input 

initial  body  Euler  angles  (BPSIO,  BTHTO). 

(BPHIO  automatically  set  to  zero).  The  seeker 
is  automatically  caged  at  the  input  initial  gim- 
bal angle  values.  (BPSIG,  BTHTG)  until  target 
acquisition 
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TABLE  73.  (Continued) 


1 


Fortran 

Symbol 

C 

Index 

Definition 

0PTN6 

3506 

Missile  initial  velocity  (relative  to  wind)  option: 

0 - input  missile  initialmach  number  (VMACH,  C(204)) 

1 - input  missile  initial  velocity  relative  to  the 

wind  (VMWTE,  C(1674)) 

Seeker  Parameters  - SI 

DT 

446 

Laser  designator  pulse  repetition  time  (sec) 

SWP 

452 

Autoerection  drift  factor 

RLOCK 

445 

Maximum  quandrant  tracker  acquisition  range  (ft) 

BDB 

447 

Tracker  deadband  at  10  km  (deg) 

CFOVZ 

448 

Total  seeker  field-of-view  in  pitch  (deg) 

CFOVY 

449 

Total  seeker  field-of-view  in  yaw  (deg) 

CSX 

450 

Seeker  quadrant  tracker  error  signal  acquisition  gain 

SEPS 

451 

Integrator  drift  rate 

GS 

456 

Quadrant  tracker  error  signal  gain 

WSL 

457 

Zero  location  of  integrator  lead  compensation 

WSN 

458 

Pole  location  of  additional  lead-lag  compensation 

WL2 

459 

Zero  location  of  additional  lead-lag  compensation 
Autopilot  Parameters 

TDY 

866 

Minimum  time  before  trajectory  pitch  program  will  be 
switched  to  terminal  homing  guidance  (sec) 

GBIAS 

854 

Gravity  bias  program  (deg/sec) 

HLIMO 

850 

Pitch  command  limit  (deg) 

HLIME 

851 

Yaw  command  limit  (deg) 

QBIAS 

852 

Pitch  rate  command  bias  (deg/sec) 

RBI  AS 

853 

Yaw  rate  command  bias  (deg/sec) 

GZ 

867 

Pitch  navigation  guidance  filter  gain 

GY 

855 

Yaw  navigation  guidance  filter  gain 

WP1 

861 

Complex  pole  of  roll  control  filter  (rad/sec) 

DPI 

862 

Damping  coefficient  of  roll  control  filter 

TAUZ 

863 

Pitch  navigation  filter  pole  (rad/sec) 

TAUY 

864 

Yaw  navigation  filter,  pole  (rad/sec) 
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TABLE  73.  (Continued) 


Fortran 

Symbol 

C 

I nd  ex 

Definition 

BLIMP 

865 

Roll  command  limit  (deg) 

WQ1 

871 

Pitch  and  yaw  compensation  filter  complex  pole 

(rad/sec) 

DQl 

872 

Pitch  and  yaw  compensation  filter  damping  coefficient 

TAUL 

877 

Pitch  and  yaw  navigation  guidance  filter  zero  (rad /sec) 

Acutator  Parameters 

BDP 

1231 

Roll  fin  setting  (deg) 

BDQ 

1232 

Pitch  fin  setting  (deg) 

BDR 

1233 

Yaw  fin  setting  (deg) 

WDELTL 

1143 

Actuator  rate  limit  (deg/sec) 

GDELT 

1144 

Actuator  pole  (rad/sec) 

Optional  Seeker  Models  - S2,  S3 

KQ1 

545 

KQ2 

547 

KQ3 

549 

KQ5 

551 

KQ6 

553 

Pitch  channel  gains 

KQ7 

555 

KQ8 

557 

KQ10 

559 

KQ11 

561 

KQ12 

563 

KR1 

546 

KR2 

548 

KR3 

550 

KR5 

552 

KR6 

554 

KR7 

556 

Yaw  channel  gains 

KR8 

558 

KR10 

560 

KRll 

562 
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Fortran 

Symbol 

C 

Index 

Definition 

DR12 

564 

WTQl 

573 

WTQ2 

575 

WGQ1 

577 

WGQ3 

581 

WGQ4 

583 

Pitch  channel  frequencies 

WGQ5 

585 

WGQ6 

587 

WRQ2 

591 

WRQ4 

595 

WTRl 

574 

WTR2 

576 

WGR1 

578 

WGR3 

582 

WGR4 

584 

Yaw  channel  frequencies 

WGR5 

586 

WGR6 

588 

TOR2 

592 

WRR4 

596 

RCL 

597 

Rate  command  limit  in  pitch  and  yaw 

TCLQ 

598 

Torque  command  limit  in  pitch 

TCLR 

599 

Torque  command  limit  in  yaw 

JI 

565 

Moment  of  inertial  of  inner  gimbal 

JO 

566 

Moment  of  inertia  of  outer  gimbal 

GEOCS 

497 

Rate  gyro  gain  to  autopilot,  pitch  and  yaw 

FRI 

567 

Inner  gimbal  friction  coefficient  (in.-oz) 

FRO 

568 

Outer  gimbal  friction  coefficient  (in.-oz) 

FFOV 

604 

Blind  range  decimal  percent  f ield-of-view 

TARHT 

601 

1 Target  height  (ft) 

TARWD 

602 

Target  width  (ft) 

T AISLE  73.  (Continued) 


Fortran 

Symbol 

C 

Index 

Definition 

TAU 

600 

Seeker  sample  period  (sec) 

TLAG 

606 

Optical  contrast  seeker  transport  lag  (sec) 

WPTO 

1738 

Tipo-ff  rate  (deg/sec) 

1 AMP  2 

1742 

Peak  amplitude  of  pitch  moment  forcing  function 
(ft/lb) 

AHPl 

1746 

Peak  amplitude  of  yaw  moment  forcing  function  (ft/lb) 

vib 

626 

Launch  transient  vibration  flag  (pitch  and  yaw  only): 

0 - no  vibration 

1 - run  with  vibration 

Optional  Seeker  Model  - S4 

DT 

446 

Laser  designator  pulse  repetition  rate  (sec) 

GS 

456 

Detector  output  gain 

SEPS 

451 

SWP 

452 

Sprint  restraining  torque  constant 

WSL 

457 

Lead  integral  compensation  zero  (rad/sec) 

WSN 

458 

Platform  compensation  role  (rad/sec) 

WL2 

459 

Platform  compensation  zero  (rad /sec) 

CROSS 

506 

Gimbal  cross-coupling  coefficient 

BLUR 

519 

Diameter  of  laser  spot  on  seeker  detector  (deg) 

CKNULL 

523 

Proportionality  constant  to  0 null 

STOISW 

524 

Digital  to  linear  switching  point 

STOTMX 

1 525 

Detector  output  limiter  (deg/sec) 

RDES 

526 

Designator  range  (ft) 

HEES 

527 

Designator  altitude  (ft) 

RVIS 

529 

I Visibility  (statue  mi) 

CPT 

530 

Target  reflectivity 

ETHR 

531 

Threshold  energy  density  at  seeker  operative  (J/km  ) 

EDES 

532 

Laser  designator  energy 

WCZ 

500 

Guidance  filter  natural  frequency  (rad /sec) 

WF 

502 

BF 

505 
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TABLE  73.  (Concluded) 


wm 
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Fortran 

Symbol 

C 

IndeV 

Definition 

CZETA 

507 

Guidance  filter  damping  coefficient 

SCBIAS 

509 

Seeker  g-bias  (deg/sec) 

WCN 

518 

Guidance  filter  pole  (rad/sec) 

WCL 

510 

Guidance  filter  zero  (rad/sec) 

sc  st  or 

511 

Standard  deviation  of  S,/T  ratio 

GSLIM 

539 

Seeker  output  rate  limits  for  linear  operation 

A sample  type  3 card  placing  an  initial  value  of  zero  into  the 
program  variable  array  at  location  367  is  shown  in  Figure  56.  The  _1 
in  the  reset  flag  field  will  cause  the  variable  to  be  restored  to  an 
initial  value  of  zero  for  subsequent  cases. 

5.  Card  Type  4 - Print  Variable  Selection 

The  values  of  up  to  50  variables  can  be  reprinted  at 
user  specified  simulation  flight  time  intervals  (CPP  is  the  input  print 
interval  variable;  see  Table  73).  The  array  index  of  each  variable  to 
be  printed  is  entered  on  a type  4 card.  In  this  case,  the  variable  name 
is  placed  in  columns  9 through  20  (rather  than 3 through  20  as  in  types 
1,  2,  and  3 cards),  and  this  name  appears  in  the  printout  to  identify  the 
variable.  The  print  order  will  correspond  to  the  order  of  the  type  4 
cards  in  the  data  set. 

An  example  of  a type  4 card  is  shown  in  Figure  57,  indicating  that 
the  value  in  the  352nd  location  of  the  variable  array  is  to  be  printed 
and  is  to  be  identified  by  the  name  "PHI  MISSILE." 

6.  Card  Type  6 - Data  Termination  Indicator 

This  card  signals  the  program  that  the  end  of  a data 
set  has  been  encountered.  Include  one  at  the  end  of  each  data  set  or 
one  for  each  Monte  Carlo  run  desired.  (Example:  for  25  run  Monte  Carlo 
set,  25  type  6 cards  would  be  included  at  the  end  of  the  data  set.) 

An  example  of  a type  6 card  is  shown  in  Figure  58. 

7.  Card  Type  7 - Print  Variable  .Selection 

Plotting  options  fall  into  two  categories:  (a)  time 

history  plots  and  (b)  plots  of  selected  pairs  of  variables.  The  format 
is  shown  in  Figure  59  and  a description  of  each  data  field  for  the  two 
types  of  7-cards  follows; 


•j 
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a. 


Time  History  Plots.  Y versus  T 


r 


r. 


For  each  7-card  input,  one  variable  (specified 
by  the  C-index  on  the  7-card)  will  be  plotted  versus  time. 

Field  Description 

1 Card  type  (7  for  plot  variable) 

2 Not  used 

3 Ordinate  label 

4 C index  of  variable  to  be  plotted  against  time 

5 Not  used. 

6 Scale  option:  0 - automatic  scaling 

1 - fixed  scale  limits 

7 Not  used 

8 Upper  limit  for  fixed  scale 

9 Lower  limit  for  fixed  scale 

The  time  axis  is  automatically  scaled  based  on  the  data  range  of  the 
time  array. 


b . Paired  Plots.  Y versus  X 

Any  variable  in  the  C-array  may  be  plotted 
against  any  other  variable  in  the  C-array.  This  option  requires  input 
of  a 3-card  (see  Section  IV.  A.  4)  to  specify  the  number  of  paired  plots 
and  a 7-card  for  the  abscissa  and  a 7-card  for  the  ordinate.  Thus,  one 
paired  plot  requires  two  7-cards.  In  addition,  the  following  order  must 
be  observed  when  reading  these  cards: 

1)  All  paired  plot  7-cards  must  precede  all  time  history  7-cards. 

2)  All  paired  plot  variables  must  be  on  consecutive  7-cards. 

3)  The  absciasa  7-card,  X,  must  be  the  first  7-card  in  a paired 
plot  pair. 

4)  The  number  of  paired  plots  must  be  specified  by  3-card  input 
variable  PI0TN2,  whose  C-index  is  1983. 

Each  variable  on  the  paired  plot  7-cards  will  be  plotted  versus 
time  (under  the  first  option)  before  the  paired  plots  are  made.  These 
time  history  plots  may  be  suppressed  by  inputting  PL0TN4  = 1.  This 
option  eliminates  all  time  history  plots.  Therefore,  if  PL0TN4  = 1 and 
it  is  desired  to  have  time  history  plots,  then  the  time  history  variable 
and  the  variable  time  (T)  will  have  to  be  treated  as  paired  plot  variables. 
Additional  variables  that  must  be  input  by  3-card  when  using  the  plot 
capability  are  listed  in  Tables  73  through  79. 
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Description 

Card  type  (7  for  plot  variable) 

Not  used 
Axis  label 

C-index  of  plot  variable 
Not  used 

Scale  option:  0 - automatic  saaling 

1 - fixed  scale  limits,  ordinate  only, 
abscissa  automatically  scaled 

2 - fixed  scale,  both  axes 

Not  used 

Fixed  scale  upper  limit 
Fixed  scale  lower  limit 

8.  Card  Type  8-Monte  Carlo  Input  Variables 

Card  type  8 is  used  to  select  an  error  source  for 
randomization  (Figure  60) . The  error  source  identified  by  the  8-card 
must  be  one  of  the  variables  listed  in  thaMonte  Carlo  input  data  tables 
given  at  the  end  of  each  module  section.  If  the  variable  is  not  given 
in  any  of  the  tables,  then  it  may  be  incorporated  into  the  program  by 
the  instructions  given  in  Section  III.  C.  6.  Error  sources  called  out 
on  8-cards  that  are  not  in  the  program  will  simply  be  ignored  by  the 
program. 

NOTE:  One  8-card  corresponds  to  one  error  source.  Thus, 

an  8-card  must  be  input  for  each  error  source  to  be 
randomized.  If  no  8-cards  are  input,  then  the  run 
is  assumed  to  be  deterministic. 

field  Description 

1 Card  type  (08)  for  Monte  Carlo  input) 

2 Error  source  name  (information  only) . 

3 C-index  of  error  source 

4 Type  distribution  of  error  source: 

0 - normal 

1 - uniform 

2 - Y-component  spot  jitter  Correlated  normal 

3 - Z-component  spot  jitter  (filtered  white 

4 - wind  gusts  noise) 

5 Type  period  for  time  series  sampling  if  input  is  for  time  series 
error  source  (ignored  if  field  11  is  blank) 


Field 

1 

2 

3 

4 

5 

6 
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Field 


Description 


6 

7 


8 

9 

10 

11 


Blank  - regular  period  aampling  with  period  = field  11 

R - samplnng  period  random  normal  with  mean  = field  11 

Standard  deviation  of  sampling  period  if  time  series  parameter 
(field  11  not  blank)  and  field  5=4 

Error  source  standard  deviation  if  normal  distribution;  an  inter- 
val multiplier  if  uniform  distribution  (if  distrubution  is  uni- 
form, the  lower  error  bound  will  be  less  than  the  mean  by  the 
product  of  field  7 and  field  8,  and  the  upper  bound  will  be 
greater  than  the  mean  by  the  product  of  field  7 and  9) 

Error  source  lower  bound  i In  standard  deviations  from  the  mean 

„ , , / if  normal  distribution,  or  as  defined 

Error  source  upper  bound  I . 

rr  r by  7,  if  uniform 

C-index  of  location  to  store  random  error  value  (if  blank,  random 
error  value  store  in  location  specified  by  field  3) 

Time  series  sample  period  if  periodic  sample  rate  (field  5 blank), 
or  mean  of  sample  period  if  random  sample  rate  (field  5 = R) 


NOTE:  The  distinction  between  an  initial  error  source  8-card 

and  a time  series  error  source  8-card  is  made  by  the  input 
in  field  11.  If  field  11  is  left  blank,  the  program  inter- 
prets the  8-card  as  a time  series  error  source. 

9.  Card  Type  9 - CEPAS  Flag  and  Control  Parameter 
Card 


The  input  card  format  for  the  CEPAS  control  parame- 
ter card  is  shown  in  Figure  61.  The  control  parameter  card  must  follow 
a type  9 card  as  shown  in  Figure  62.  Both  of  these  cards  (the  type  9 
card  and  control  parameter  card)  must  be  placed  in  front  of  the  last 
type  6 card  in  the  data  deck  as  shown  in  Figure  63.  The  multiple  case 
entry  point  in  MAIN  step  is  drawn  in  Figure  64. 


Field  Description 


Value 


1 Unused 

2 Normal  switch  0 - use  bivariate  normal  assumption  only  if 

data  passes  K-S  test  for  normality  - use/ 
nonparametric  CEP  calculation  if  data  fails 
normality  test 

1 - use  bivariate  normal  assumption  regard- 
less of  outcome  of  K-S  test 

3 Plot  switch  0 - if  no  printer  plots  desired 

1 - if  printer  plots  of  CEP  and  confidence 
circles  and  impact  points  desired 
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CALL  SUBL2 

CALLS  0UPT2  TO  INITIALIZE 
PRINT  AND  PLOT  VARIABLES. 
CALL  STGE2  (SETS  C(2020) 

C (2021)  KCONV  LCONV 
0,  KSTEP  1 


Figure  64.  Multiple  case  entry  point  in  MAIN 
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CALL  AUXSUB 
(CALLS  MODULES) 

CALL  A1  (AERO  COEFFICIENT  LOOK-UP) 
A2  (AERO  FORCES  AND  MOMENTS) 
A3  (ENGINE) 

Cl  (AUTOPILOT) 

C4  (ACTUATOR) 

D1  (TRANSLATIONAL  DYNAMICS) 
D2  (ROTATIONAL  DYNAMICS) 

G2  (WINDS) 

G3  (AIR  DATA) 

G5  (COORDINATE  TRANSFORM) 

SI  (SEEKER) 


CALL  AMRK 

NUMERICAL  INTEGRATION 
(AMRK  CALLS  AUXSUB) 


CALL  SUBL3 

CALLS  G4-IF  TARGET  PASSED 
SET  LCONV  2 TO  TERMINATE 
RUN  AND  COMPUTE  MISS  DIS- 
TANCE 

CALLS  STGE3— IF  MAX  TIME 
FLT  (TF)  HAS  BEEN  EX- 
CEEDED BY  T,  TERMINATE 


CALL 

r | 

CEPAS 

* 1 

STOP) 

Figure  64.  (Continued), 
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Field  Description 


Value 


Set  equal  to  assumed  ratio  of  6 DOF 
program  CEP  to  missile  system  CEP 
(X  > 0) 


Enter  any  combination  of  available  confi- 
dence levels  (99%,  95%,  90%,  80%,  70%) 
for  which  a confidence  circle  radius  is 
desired  (left  justify;  enter  in  any  order) 

0  - Scale  printer  plots  automatically 
according  to  data  range 

> 0 - Scale  plots  according  to  the  number 
input  here 

The  CEP  calculations  made  by  CEPAS  are  obtained  by  either  parametric 
statistical  methods,  assuming  an  elliptical  bivariate  normal  distribu- 
tion, or  by  nonparametric  methods,  where  no  specific  distribution  is 
assumed.  Because  more  information  can  generally  be  obtained  (e.g., 
confidence  circles)  from  a given  size  sample  when  the  distribution  is 
known,  it  is  advantageous  to  use  the  parametric  methods  when  they 
apply.  For  this  reason,  CEPAS  automatically  subjects  the  input  miss 
distance  data  to  a normality  test  [ (K-S)  test  is  used]  to  determine 
whether  to  use  the  parametric  or  nonparametric  methods.  If  the  hypo- 
thesis of  normally  distributed  data  is  not  rejected  by  the  K-S  test,  the 
parametric  method  is  used;  otherwise,  the  nonparametric  method  is  used. 

A user  option  is  available  which  causes  the  parametric  calculations  to 
be  used  regardless  of  the  outcome  of  the  K-S  test.  If  this  option  is 
utilized,  however,  and  the  actual  underlying  population  of  miss  distance 
coordinates  is  significantly  non-normal, the  resulting  CEP  information 
will  be  unreliable. 

10.  Card  Type  10  - Mean  and  Standard  Deviation  Selection 

The  format  and  a description  of  each  data  field  for 
the  type  10-cards  follows.  The  10-cards  may  appear  anywhere  in  the  data 
deck  and  may  be  in  any  order. 

Field  Description 


1 Card  type  (10  for  mean  and 
standard  deviation) 

2 Variable  name  (information  only) 

3 C -index  of  variable 


4 Lambda  (X) 


5 Unu,sed 

6 Confidence 
levels 


7 Printer 

plot  scale 

factor 

(PSIZE) 
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TABLE  74.  INPUT  DATA  OPTIONS  FOR  INITIAL  VALUES 


OPTN’4 

Unrestricted 

Inputs 

Restricted  Inputs 

0 

No  Rail 
Dynamics 

Rail 

Dynamics  Included 

Direct  Fire 

Direct 

Fire 

Indirect 

Fire 

0 

0 

1 

1 

2 

2 

0PTN2 

0 

1 

2 

1 

2 

1 

2 

RXE 

X 

I 

X 

I 

X 

I 

X 

RYE 

X 

0 

0 

0 

0 

0 

0 

RZE 

X 

I 

X 

I 

X 

I 

X 

VXE 

X 

I 

I 

I 

I 

I 

I 

VYE 

X 

I 

I 

I 

I 

I 

I 

VZE 

X 

I 

I 

I 

I 

I 

I 

RTXE 

X 

0 

0 

0 

0 

0 

0 

RTYE 

X 

0 

0 

0 

0 

0 

0 

RTZE 

X 

0 

0 

0 

0 

0 

0 

BPSIO 

X 

I 

I 

X 

X 

X 

X 

BTHTO 

X 

I 

I 

X 

X 

X 

X 

BPHIO 

X 

0 

0 

0 

0 

0 

0 

BTHTG 

X 

X 

X 

I 

I 

X 

X 

BPSIG 

X 

X 

X 

I 

I 

X 

X 

R SLANT 

X 

I 

X 

I 

X 

I 

BSLOV 

X 

X 

X 

VWXE 

X 

X 

X 

X 

X 

X 

WYE 

X 

X 

X 

X 

X 

X 

X 

WZE 

X 

X 

X 

X 

X 

X 

/ VHAHC \* 

X 

X 

X 

X 

X 

X 

\ VMWTE/ 



X - denotes  variables  that  must  be  specified  by  input  data. 

I - denotes  variables  that  are  computed  internally. 

0 - denotes  variables  that  are  either  set  to  zero  initially 

or  will  be  computed  as  zero. 

‘•'"Input  VMACH  if  0PTN6  = 0;  input  VMWTE  if  0PTN6  = 1. 
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TABLE  75.  WIND  OPTION  - OPTNW  = 


Fortran  C 

Symbol  Index  Definition 

BPSIW  51  Wind  direction  angle  between  wind  velocity  vector 

and  negative  X-axis  (deg) 

h 

VWTE  52  Wind  speed  with  respect  to  the  earth  (steady  hori- 

zontal winds  only)  (ft/sec) 

NOTE:  If  wind  option  OPTNW  = 1 is  input,  the  initial 

value  of  the  components  of  the  wind  (VWXE,  VWYE, 

VWZE)  must  be  input  also. 

TABLE  76.  THRUST  MISALIGNMENT  OPTION  - QNALGN  = 1 
Fortran  C 

Symbol  Index  Definition 

BALPHT  1401  Thrust  offset  angle  (a^)  measured  from  a line  parallel 

to  the  X-axis  and  the  thrust  (deg) 

B 

BPHIT  1402  Thrust  offset  angle  C^)  measured  from  the  plane 

parallel  to  the  X -Z  plane  to  the  plane  containing 
B B 

the  thrust  and  the  line  parallel  to  the  X-axis  (deg) 

D 

RFXCG  1313  Thrust  offset  along  X-axis  (ft) 

D 

RFYCG  1314  Thrust  offset  along  Y-axis  (ft) 

B 

RFZCG  1315  Thrust  offset  along  Z^-axis  (ft) 

TABLE  77.  ENGINE  BURNOUT  SWITCH  - QBURN  - 


Fortran 

Symbol 

C 

Index 

Definition 

WP 

WQ 

R||||| 

Initial  roll  rate  about  X];-axis  (deg/sec) 
Initial  pitch  rate  about  Y-axis  (deg/sec) 

WR 

1747 

Initial  yaw  rate  about  Z^-axis  (deg/sec) 

BALPHA 

Initial  vertical  angle  of  attack  (a,  deg) 

BALPHY 

Initial  sideslip  sngle  of  attack  (0,  deg) 

BPHIP 

370 

Initial  aerodynamic  roll  angle  ($',  deg) 
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TABLE  78.  TARGET  MOTION  OTTION  - OPTARG  = 1 


Fortran 

Symbol 

C 

Index 

Definition 

ATHRST 

1629 

Magnitude  of  the  target  acceleration  vector  (g) 

ATURNT 

1630 

Scaling  factor  for  the  angular  rotation  rate  of  the 

target  radius  vector  (g) 

BGAMT 

1631 

Elevation  angle  of  target,  measured  from  the  horizon- 

tal  plane  to  the  target  position  vector  (deg) 

TABLE  79.  MONTE  CARLO  INPUTS 


Fortran 

Symbol 

C 

Index 

Definition 

RNSTRT 

3511 

Random  number  generator  starting  value.  The  nearest 
odd  integer  greater  than  or  equal  to  RSSTRT  will  be 
used.  (Changing  RNSTRT  will  cause  a different  random 
number  sequence  to  be  used 

SIGSPOT 

1581 

Expected  standard  deviation  of  spot  jitter  output  (ft) 

SIGU 

54 

Expected  standard  deviation  of  the  wind  gust  output 
(based  on  wind  direction  and  missile  direction 
being  colinear  ) 

QNALGN 

1403 

Engine  misalignment  switch.  Set  to  1 to  compute  mis- 
alignment component  value  if  a thrust  misalignment 
8 card  is  input 

VWTE 

52 

(See  Table  2.8  for  VWTE  input  when  a wind  gusts  8 card 
is  input  ) 

B.  Output 


1.  Introduction 

The  program  provides  several  print  and  plot  outputs. 
Some  of  the  print  outputs  occur  automatically.  The  remaining  print 
outputs  and  the  plot  outputs  are  user  options.  A brief  discussion 
and  an  example  of  each  output  is  included  in  the  paragraphs  which 
follow. 
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Automatic  Printouts 


a.  Input  Conditions 


The  input  data  cards  for  each  data  set  are 
printed  out  in  card  format  at  the  end  of  the  input  phase  for  each  case. 
An  example  is  shown  in  Table  80. 


b .  Monte  Carlo  Initial  Conditions 


The  Monte  Carlo  initial  conditons  are  given 
in  the  listing  which  follows. 


N CM  T E-  C « R L-U-t  H I U A t-C  OtT W f 1 ON  * 


C- InOEK  

5* 

— SI  

tzs  r 

— 1J48 

1Z4  i 

- 1252  


MC-V4LUE--  ■ ME  ft N - DISTRIBUTION tOWER  B0UN3 

-4.861  0.000  NORMAL  -3.000 

— 54,903  0.000  UNIFORM 0.000 

.339  0.000  UNIFORM  -1.000 

r-4  3-e Oioao uniform stood 

-.091  0.000  UNIFORM  -1.000 

.254  0 .000 uniform 1 . 00  0 


UPPER  BOUNO- 
3.  000 

360.000 

l.  000 

trrOO  0 


. oco 
, 00  0- 


The  headings  are  defined  as  follows: 

1)  C Index  - Subscript  number  locating  the  Monte  Carlo. 

2)  MC  Value  - Random  number  returned  by  MCARLO  based  on  user 

input  distribution. 

3)  Mean  - User  specified  mean  value  about  which  MAARLO  returne 

the  MC -VALUE. 

4)  Distribution  - User  input  distribution  (NORMAL  or  UNIFORM) . 

5)  Lower  Bound  - User  input  lower  bound  of  the  distribution 

from  which  MC-VALUE  is  selected. 

6)  Upper  Bound  - User  input  upper  bound  of  the  distribution  from 

which  MC-VALUE  is  selected. 

c , Time  and  Step  Size 

Simulation  time  and  integration  step  size 
are  printed  before  and  after  the  missile  exits  the  launcher  rail. 

TIME  = 0.0020000  STEP  SIZE  = 2 .0000000E-03 

d , Front  Lug  Clears  Rail 

When  the  front  lug  clears  the  rail,  a pitch 
down  moment  is  present  on  the  missile.  Because  of  the  potential  signifi- 
cance of  this  transient,  a printout  occurs  at  this  point,  giving  the 
time  that  the  front  lug  clears  the  rail,  the  velocity  of  the  missile 
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TABLE  80.  PRINTOUT  OF  INPUT  DATA  EXAMPLE 
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relative  to  the  wind  (airspeed),  the  pitch  moment,  and  the  magnitude  of 
the  separation  distance  from  the  rear  of  the  launcher  rail  to  the  back 
of  the  rear  lug.  Also  printed  are  the  tipoff  rates. 


FRONT  LUG  CLEARS  RAIL 

T = 1.12E-01  TEL  If EL  = 6.57Et01 

RANGO  = 3.C352 

TIPCFF  RATES--ROLL 


PIICH  MOMENT  = -t • ZCE *02 

0.D  PITCH  = -15.5  YAM  * -.5 


e .  Rear  Lug  Clears  Rail 

A printout,  occurring  at  the  time  the  rear 
lug  clears  the  rail  contains  the  time,  the  velocity  of  the  missile  rela 
tive  to  the  wind  (airspeed),  and  the  rail  lug  force. 

REAR  LUG  CLEAPS  RAII T = .1460REL  If  El.  = 85  .656  RAIL  FORCE  = -55.20 

RANGO  = 6.1082 


f . Engine  Burnout  Time 
BURNOUT  TIME  = 3.7532  SEC 

g . Maximum  Breaklock  Value 

When  using  the  optional  optical  contrast 
seeker,  maximum  values  for  breaklock  (loss  of  target  image)  pitch  and 
yaw  are  printed.  If  this  seeker  is  not  used,  zero  is  printed  for  both 
values. 

♦ ♦♦MAX  8REAKL0CK  If  ALU  E = 0.  0000  0 IN  PITCH 

♦ ♦♦MAX  8REAKLOOK  IfALUE  = 0.  00000  IN  YAK 

h . Run  Number 


Carlo  runs. 

RUN  NUMBER  =26 


A count  of  the  current  total  number  of  Monte 


i .  Monte  Carlo  Time  Scries 

A list  of  Monte  Carlo  time  series  variables 
and  their  values  follows  each  Monte  Carlo  run. 


217 


MONTE.  CARLO  TIME  SERIES  VALUES 


C-INOEK  MEAN 


VARIANCE  STO  DEV  RMS 


ioai 

1 b A 0 


“•069  .581  . 762  .765 

.096  .637  . 798  . 804 


1)  C Index  - Subscript  number  locating  the  Monte  Carlo  variable 
in  the  C -array. 


2)  Mean  - Calculated  mean  value  of  the  time  series  output. 

3)  Variance  - Variance  of  the  time  series  output. 


4)  Standard  Deviation  - Standard  deviation  (0)  of  the  time  series 

output. 


5)  RMS  - Root  mean  square  of  the  time  series  output. 


j . Spot  Jitter  Values 

Values  for  the  maximum  and  minimum  deviations 
for  the  Y and  Z components  of  laser  designator  spot  motion  are  listed. 
Also,  sample  spot  jitter  Y and  Z component  mean,  mean  square,  and  radial 
RMS  are  printed. 


HA«  SPOT  Y . 1.52  MIN  SPOT  Y = -1.0} 

HA«  SPOT  Z = 1.19  HIN  S°0T  2 * -1.35 

SAMPLE  SPOT  JITTER  Y-MEAN*  _ .09585  MEAN  SQUARE. .60359  - ■ - - 

SAMPLE  SPOT  JITTER  Z -MEA  N=  -.05893  MEAN  SQUARE*  . Z6511  SPOT  RADIAL  RMS  * 1.10  959 


k.  End  Conditions 


The  three  programmed  simulation  terminations  are 

(1)  ground  impacted  with  missile  to  target  range  greater  than  500  ft; 

(2)  input  value  of  maximum  flight  time  exceeded;  and  (3)  target  plane 
intercepted.  When  simulation  termination  occurs  due  to  conditions  (1) 
and  (2),  no  special  end  condition  printouts  are  generated.  When  simu- 
lation termination  is  due  to  target  plane  intercept,  the  program  prints 
the  following  information: 

1)  Miss  distance  (measured  in  the  intercept  plane). 

2)  Flight  time  at  intercept  • 

3)  Components  of  line-of-sight  vector  at  intercept. 

4)  Y and  Z components  of  miss  distance  (in  the  intercept  plane). 

5)  Values  of  variables  requested  on  print  control  type’  4 cards. 
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A 


A sample  printout  is  shown  below: 


mss  oisr*>CE  • t.tsio4i)fcE*og  . 

rtlOHT  TIM--  « 3.22014025 *03 


40CL*  • -S.SblUHO  JC -ai 


•t.zsiitzm-oi 


•6.Z1SZZSSE-01 


»0EIZ  « 1.540Zfc«ZE*00 

*zr*  ■ 1 • 56Z  *.93  3E.0C 


3.  Optional  Printouts 


Periodic  printouts  of  variables  requested  by  input 
(on  type  4 cards)  occur  every  CPP  seconds,  where  CPP  is  an  input 
parameter  (Table  80).  The  variable  names  input  on  type  4 cards  appear 
only  once,  followed  by  the  instantaneous  values  of  the  variables. 
Subsequent  interval  printouts  include  only  the  variable  values.  A 
sample  is  shown  in  Table  81. 

The  values  of  every  location  in  the  C-array  will  be  printed  for  every 
integration  step,  for  a maximum  of  (6  DOC)  integration  steps,  where 
DOC  is  an  input  variable.  The  printouts  are  unlabeled,  containing  only 
the  C-array  values.  Because  the  printout  includes  only  numerical  values, 
no  sample  is  shown.  Mean  and  standard  deviation  of  selected  variables 
(selected  by  input  on  type  10  cards)  are  printed  following  terminal  con- 
ditions printout.  A sample  follows: 


MEAN  tf  A R I A NC  ~ AMD  STANDARD  0EVIATI0M 


C-L0CATI0N 


STO  DEV 


.491C3190E*  01 
-• 187815 14E» CO 
• 12699471E+  00 
31098433E+ 01 
.71G72849E*  01 


.34  45354  3E* 0 1 
.4725830  3E  + G1 
. 5961229  4E*G0 
.6222401 5£*  00 
. — . 2b  11  97  7 5E*  0 1 


If  CEP  calculations  are  requested  by  input  (type  9 card),  several 
groups  of  optional  printout  will  occur.  A table  of  miss  distances  and  Y 
and  Z components  of  miss  distance  is  printed  first  (Table  82).  The 
CEPAS  parameter  control  input  data  is  listed  in  Table  83. 

4.  Plots 


Example  plot  outputs  resulting  from  the  7-cards 
shown  in  Table  81  are  shown  in  Figures  65  through  67.  Figures  65  and  66 
are  automatic  time  history  plots,  while  Figure  67  is  a paired  plot  for 
the  two  time  history  plots.  If  CEP  information  is  computed,  then  plots 
of  the  CEP  circle,  the  confidence  circle,  and  the  input  miss  distance 
points  are  generated  (Figure  68).  These  plots  are  done  on  the  computer 
printer  and  not  on  peripheral  plotter. 
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TABLE  81.  EXAMPLE  TIME  HISTORY  PRINTOUT 


ix»jr  o»r» 


1 

GUPT  2, 4 

4-C 

-l.  .0 

-0  • 

- J • 

-0.3033 

-3-3.3003 

- u 

-0-0.  C 300 

2 

G2-T 

21-4 

-k.  . 3 

•0  • 

• J • 

-0.3000 

-3-j. 300 J 

2 

,4-rt 

2G-0 

-1..0 

-3. 

— 4 • 

-0.-333 

* 3 - - • C 30  3 

i 

>PQT 

46-3 

-4  • 4 

"3  • 

- J. 

-0. 3t31 

303  ) 

2 

2 6*4 

-k.  - 3 

-3  . 

•3  • 

-k. 10-0 

-0-0. 0303 

1 

A1-T 

2-0 

- 3 • . 0 

• J • 

-3  . 

-0.3033 

-3-  - • 0003 

2 

*J-I 

G-J 

-1.  .3 

-0  • 

- 3 • 

-0.-133 

-0-3. OOkO 

t 

W-H 

4-3 

-L.-0 

-a  • 

-4  • 

-3.-033 

-0-..  3 )o4 

i 

Jl-M 

1 7-* 

-1.  .0 

• 4 • 

-3.3033 

-0-..  0333 

i 

32-h 

16-3 

-l.  -0 

- 0 • 

-3. 

•0.GCCG 

-0-C. 3003 

i 

il 

2 6-3 

-C.  .0 

•4  • 

•4  • 

-0. COCO 

-4- .. 3303 

2 

Ll-T 

7-a 

- k • 0 

• J • 

-J. 

- 0 . k C 0 3 

-3-  ).  333  3 

-C.  - c 

. c oc : 

-3-.. 0303 

J 

r 

2.U-0 

-c.  .0 

3 . 

. Iw0333  3fwl 

-0. 30C  3 

-j-3.  noa 

J 

Q P T N M 

Sh  t -C 

- k.  - 0 

3. 

-0  . 

-0.  -033 

-C-J.13UJ 

J 

4.ITF 

•>2-4 

-1.  .0 

3. 

.1303  30  j£*j1 

-0.0033 

-0- J. 0)03 

J 

r* 

2--1-3 

-0.-3 

U£»C2 

-0. 

-0. ^Ok- 

3333 

4 

;pp 

2k  15-3 

-l.  .0 

iCc^O. 

- 0 . 

-4. kCk  3 

-0-:. 0J03 

- 1. . 0 

1 0 £ *01 

-0. 

-3-k. 3304 

J 

:c<  in 

2c  tG-5 

•k.  .3 

50E-32 

•lOOuOOOE^kl 

-0. CCC3 

-J-J. 3304 

J 

JPTS2 

J1.2-C 

- 1 ■ . Q 

I3£*3i 

-0  . 

-O.kOlC 

-4-  ..  1C0J 

J 

)PT  N- 

45wW-C 

-k.  .0 

1 J £ ♦O 1 

• J • 

- 0 . o uc  3 

-o-: . coo d 

J 

Jr*!  No 

Jbwfc-4 

“ 1 . -C 

)&t»Cl 

- 3. 

•0. OCCO 

-0-0.  3003 

i 

4*AC« 

e.«*-6 

-4.  -0 

4 • 

• 1 34C  33  0£  ♦-  1 

-C.-G33 

-3-j. 3C  J 3 

J 

I fit TA  t<XS*4 

— JGi-i 

*>1.  -0 

-a* 

• 1 Jku  JO  J£*kl 

•0.0033 

J34j 

J 

Pal  LOS-Y 

J o**-C 

-t.  . 0 

4 • 

•k«k»u.E»:i 

•w.kCOS 

. -C-3.3J33 

J 

JAcfhA 

lo2-t 

-1.  - 0 

0. 

• 1 30 J33 Oc ♦ 4 1 

-0. 0000 

- J- J.  C 333 

4 

JAlPhT 

4bS-0 

-1..6 

3 . 

.1  3C- JJ  J£»31 

-0.C  0C3 

-0-4.3003 

4 

4 f 

-b-C 

* k.  - 0 

3 4 £ -3 1 

-0. 

-o.ko: 3 

-0-  ..  C333 

1 

GG6*i 

-l.  . 3 

30E«:2 

•3  • 

-0.-133 

-0-  . . 100  3 

4 

OF  J VY  - _ 

ww«-a 

3-t*02 

-3. 

-C. 0000 

-3-3. 3303 

4 

1CI«0 

»3t-C 

-0.  30 

Jt«l< 

-0  . 

-G.kOJD 

-0-  2.  3)03 

4 

6S1-0 

•l.  -• 

Q6E02 

-0. 

-C.kOCO 

-0- J • 3004 

4 

<Wl«P 

6o5-4 

-k  . . 0 

J.EOl 

-3. 

•«.00J3 

-j-:.  :cj3 

4 

Ji.AS 

o >2-0 

-4.  .6 

* . 

-3. 

-t. C Ct 0 

-3-:. 3004 

4 

<31  AS 

e>i-o 

-1.  -0 

0. 

-0  • 

- W • 4 0 >*.  3 

-3--. 3434 

4 

idXAS 



-t.  .9 

« 

J JtOl 

.130-00 Jc*kl 

-C.-C33 

- 0 - j • 043  4 

4 

<Pl 

6 l 1 -C 

-t.  0 

30tO4 

-3  • 

- w • -•  0 1 u 

-j-  . :ojj 

4 

JPl 

0t>2-4 

•k.  - 0 

j !£♦;. 

* 0 • 

•0.3003 

-3-4. Cu3 J 

4 

toy2 

Oob-0 

-0.  wO 

0. 

-0. 

-0. 0003 

-0-..  (033 

4 

441 

671-0 

-k.  . 3 

3-£*i4 

-0  . 

-j--. 0304 

4 

4 41 

672-C 

- k . . 0 

j)£*3. 

-0. 

-0. kOJ3 

-3- j.  tO  J J 

J.£*C1 

- k . 

3333 

4 

r Auz 

boJ-J 

-t.  3 

;0£»C2 

-0. 

-0. CkOO 

-3-0.  3433 

4 

TAUV 

BoG-C 

-4.-0 

--£♦32 

-k  • 

-3.-C33 

-3- :.  CO  3 3 

4 

*1 

6c7-3 

-1.  -0 

3 JFOI 

-0  . 

-0. kOJ3 

- 0 - j • 4 133 

4 

jl 

6 *5-0 

-l.  - 0 

33  t*3 1 

•0. 

- k . 1 3 3 3 

-4-..  30-3 

4 

JtL  TFd 

1 1 *•  0 - C 

-4.  jj 

J. 

-J . 

-C.Ol-3 

-3-..  COO  3 

4 

JiLiaa 

11*1-4 

-k.-fl 

- H#  • 

- J. 

-0.00-3 

-J-.. 3003 

J 

J£lTP3 

lt-2-0 

-4.  -0 

3 . 

- 0 . . 

w0.3 

-3-J. 3)34 

4 

4<J£  Lie 

11%4-J 

-k.  -3 

J 3 E *C  4 

*4  • 

- k . C 1 3 k 

-3-.. 0333 

4 

fOc  L T 

1 1GG-* 

-k.  ,0 

j;->32 

- 0 . 

-0. 0003 

-0-0.  CO  4 3 

4 

UP 

1241-3 

-4.  .0 

3 ■ 

. lUOkOO J£*-l 

- 0 . 0 - 3 

-0- 304  4 

4 

JJ4 

l c J2-C 

-4.0 

3 

. 13Gk  00 Jt». 1 

-0.;C33 

-3--. 304) 

4 

14  ft  _ 

1243-3 

-t.  .0 

u 



. low- JC-E*- 1 

-o.Ccs: 

-0--.  30  0 J 

J 

— Ac  Kfc 

Uol-ii 

-1.  .3 

3 

-0  . 

• k • C 0 k 3 

-0- ) • 3 ) C 3 

4 

C2.k* 

12  o 1 - 0 

-C.  -0 

0 

-0  • 

-0.4033 

-3-J. 3334 

J 

3 Ye 

1 2oc -0 

--.  .0 

3 

-0. 

-0. CO-3 

-3-j.  COO 3 

4 

Uo3-fi 

-4.-0 

3 

-0  . 

* 0 • 3 3 

-3-..  ) 0 3 3 

4 

0*c&R 

1 2tG-4 

- k . . u 

3 

-3. 

-3.40. 3 

-4-3.  (333 

J 

;n£  •<* 

12 tS-Q 

-t.  -0 

3 

-0. 

-C.  u OC 0 

-3-:.  0333 

4 

<TARcA 

li-c-3 

-C.  .0 

-3  3 £ ♦ 0 . 

-3  . 

-0.-033 

-0-..  J 30  i 

4 

<Fk.  GT  f< 

14v7-w 

- 4.  V 0 

J 3 £ *0  - 

-0. 

-0.0033 

-k - - . (00  J 

4 

<'*U 

1 4.4-w 

-k . . 3 

3C£  *01 

-0. 

-k.CCC. 

3033 

4 

<fycg 

l 4 1 W- * 

•I..C 

3 

• 0 • 

•C. 0103 

-0-C.  (303 

4 

<F2CG 

1 J15-4 

-L.  . 0 

4 

-J . 

-4.44-3 

- 0 - J • 3 4 4 ) 

4 

4LUC 

1 4 4 b - C 

-3.  .3 

— 

3 3 £ ♦«! 

-0. 

-O.OC33 

-0-  ).  3 JO) 

4 

<A  1 1 

1417-0 

-4.  0 

03E*C1 

m4  • 

- 4 * C 0 M 4 

OC  J 

4 

44ALGN 

IGk  3-3 

- 4.  . 0 

0 

-13. 

•0.4403 

-0-  3.  3 3)3 

4 

PGF  Trt 

l*.t«.-0 

•3.  .0 

3 

- 0 • 

-0.0043 

-0-  J.  OJJ 

4 

ItiORN 

lw.5-fi 

-1.  .0 

0 

. 100k J03E *-l 

• 0 . C C J 3 

-3-..  IfijJ 

4 

oi>p 

1-14-1 

-C.  -0 

J a £ ♦!  4 

-3. 

• 4 • 0 0 C 3 

-:- :.  tea) 

i 

ur 

- k.  . 0 

ini *3  J 

-3. 

•4. CCk4 

-c- ).  jo;j 

4 

j**p 

!4lt-0 

• L*  -0 

00  £ ♦ 0 2 

-0. 

•0 • k 03  3 

-0-  3 . 3 3 0 ) 

4 

130  GF 

1-18-3 

-l.  .0 

- 

J 3c  *i t 

-0. 

-0.00.3 

-3-3.  3044 

4 

< JC  GO 

isi 7*„ 

-1.-3 

- 

--£♦3. 

-0. 

*0. kC-3 

-3-1.  0343 

4 

'HI  >0 

i-l^-k 

-4.  0 

ik£»C . 

-3  . 

-0.C0C3 

-3-J.  )00) 

4 

'MIYO 

1-21-0 

-0.  wQ 

- 30 r *02 

-0. 

-0. OOCO 

-3-J. 3043 
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TABLE  81.  (Continued) 


i 

«c 

1-21-3 

-*.-3 

• 

-a. 

-3.00.6 

-i-i.  3333 

i 

/At 

Uw4-3 

-0.  .0 

a. 

. 1 ao*  jo  je  »• 1 

-G.*0*3 

-3-J. 8)33 

J 

/ »t 

Ukf*« 

•l.  0 

a • 

.1*3 3834£01 

-a.oc:a 

-0-3. 0 idJ 

i 

)Zc 

lCCi-4 

-*.  .0 

a . 

.1 JCOJCOc-Jl 

-0. 0*09 

-0-3.  0000 

J 

At 

U ii •§ 

-*•  * 0 

- , 

.144- J03E*.l 

• 3.0000 

-3-). 3003 

J 

f£ 

U19-4 

-*•  c l) 

a • 

• lObioa  atm 

-O.OCC3 

) oa 3 

J 

U 

1*2  3-4 

-4  • to  0 

- , 

#»£  *82 

• uccoo  -t  ♦ / 1 

•G.  0031 

- J- -•  003  3 

J 

4 *4AV 

U27-5 

- c * . 0 

)w£+02 

-a. 

-O.OCCO 

-0- j. 0039 

i 

)PT  AM, 

U 19-0 

— 4 • v 0 

3 • 

-0. 

-0.3C33 

-3-  ).  00  J 3 

i 

431  YE 

,UC-/ 

- o. . 0 

a . 

.13GCa03£»/l 

-o.*o:o 

-0--. 30 J) 

J 

j 

1749-4 

-*•  <0 

a. 

• 1 ao*  * a -t  • - 1 

-4.30  33 

- - - - . 30  - ) 

i 

1 

W- J-w 

-c.  wO 

a . 

• 1 jGoO* -6 ♦- 1 

-C.4OOO 

-0-).  3000 

J 

A — 

1 7 *7- 0 

a* 

.i4*oaaoE*-i 

•0.  *GC3 

-8-1. 0333 

] 

<4*4  0 

1/51-4 

•c.  .0 

f|I«U 

— a . 

-O.OCCI 

-0-3. 8003 

J 

IPhIG 

1/  52-0 

• c.  .0 

4. 

. luoc  o*;t *-i 

*6*3 

' -C-J.80J3 

i 

if  HTO 

1753-i 

-*•  . 0 

0. 

. 1QCC 30  3t»-l 

•3.0031 

-0-3.  033 

J 

4 **4X0 

175%-C 

•t.  .0 

a. 

. lOGJOOOt  •.  1 

-0.3049 

-3-3. 3033 

i 

JI4<« 

175A-0 

•It  »• 

a* 

• 1 603 10  IE** 1 

-0.3041 

-8-3. 3083 

J 

SUP 

Zw 10-4 

-l . *0 

1 3 cbll 

•0. 

-0.3631 

-0-4 • 9)68 

i 

3*»P 

Z.AS-t 

-4*  -6 

nt*3. 

•I3fl43*3£*.i 

•8.4666 

--•t . 6633 

4 

JcRl 

2bbb-* 

— c • * 0 

IGE-ll 

. 1*0303  .£*.1 

-C.*QU 

- j- J . 093) 

4 

Ac 

1c  c5«t 

-4.  .0 

• a 

J itOv 

•1*C40U0£«-1 

-0.0009 

-3-J. 3039 

4 

<wOC* 

4i5-i 

• c • * 0 

DE*}) 

-a. 

•t.iooa 

-0- j.  C J 3 3 

4 

JT 

«**e-4 

•4.  . 0 

. 

J.E-91 

-0. 

•O.C03B 

-*-:.  CO 3 J 

4 

«J0 

•**7-3 

-4.  . 0 

* . 

-0 . 

-0.  ooco 

-0-3.0008 

-F03Z 

kvO-O 

J j c 0 2 

•j. 

-4.*  008 

-4-S. 9103 

4 

sfjwy 

--9-4 

-C.  .0 

. 

IwEOZ 

-a . 

*0.  wOc  ) 

-3-3.9303 

4 

44A 

*•  5*  -3 

•4.  .0 

)i£02 

-0. 

-c.  jo*; 

— J — c. 3 0 j J 

4 

SEPS 

451-C 

-c.  .0 

* • 

-0 . 

-4.  303) 

•)•{.  30  3 J 

4 

,mP 

*.5  2-0 
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V.  COMMENTS  OR  RECOMMENDATIONS 

A.  Monte  Carlo  Recommendations 

When  running  parameteic  studies  that  involve  time  series 
error  sources  (such  as  spot  jitter  and/or  wind  gusts),  it  is  strongly 
recommended  that  the  integration  stepsize  remain  fixed  for  all  sets  of 
runs.  It  is  important  to  maintain  the  same  set  of  nominal  conditions 
as  closely  as  possible  from  run  set  to  run  set  in  ordec^to  have  con- 
sistent results  for  comparison  purposes  (do  not  compare  a CEP  generated 
at  1 =1'  with  CEP  generated  at  1 =2').  While  making  checkout  runs 

with  the  Monte  Carlo  program,  it  was  discovered  that  the  statistical  pro- 
perties of  the  time  series  output  (spot  jitter  in  particular)  changes 
with  changes  in  integration  stepsize.  A stepsize  of  0.0125  sec  pro- 
duced a spot  jitter  standard  deviation  (a)  of  0.92  ft  while  a stepsize 
of  0.0100  sec  produced  a standard  deviation  of  1.09  ft.  Thus,  the 
statistical  properites  can  change  as  much  as  + 10%.  This  increases  the 
uncertainty  of  the  results  which  are  already  subject  to  statistical 
uncertainties  due  to  the  finite  number  of  impact  points  in  the  CEP 
calculations. 

The  statistical  properties  of  the  time  series  output  changes  with 
the  stepsize  because  the  random  number  calling  frequency  changes  (the 
frequency  is  inherently  a function  of  stepsize  due  to  the  digital  nature 
of  numerical  integration  techniques) . An  attempt  to  compensate  for  the 
effect  of  calling  frequency  on  the  filter  output  is  made  through  the 
gain  equation,  G,  of  Section  III.  B.  3.  b.  The  stepsize,  t,  appears 
in  the  radical  of  this  equation  as  a result  of  trying  to  compensate 
for  using  discrete  white  noise  as  input  to  the  filter  instead  of  con- 
tinuous white  noise. 

If  the  integration  stepsize  must  be  changed,  it  is  suggested  that 
a Monte  Carlo  run  be  made  using  the  desired  stepdize  in  order  to  deter- 
mine what  is  the  RMS  of  the  time  series  error  source.  Then,  the  input 
standard  deviation  (SIC.SP0T  for  spot  jitter  and  SIGU  for  wind  gusts) 
may  be  changed  to  produce  the  desired  statistical  output.  The  new 
value  of  SIGSP0T  or  SIGU  is  computed  by  dividing  the  current  value 3f 
the  input  SIGSPOT  or  SIGU  by  the  average  RMS  output  at  the  end  of  each 
run.  (For  spot  jitter,  use  the  average  value  of  the  radial  RMS  outpit.) 

B.  Integration  Synchronization  with  Sample  Period 

Numerical  integration  must  be  synchronized  with  sample 
period*  (t  at  ZOH)  in  order  to  insure  accurate  integration.  Logic  is 
built  into  the  seeker  subroutines  to  insure  that  integration  and  sample 
period  are  synchronized.  This  is  ascomplished  by: 

c - t/[aiNT(t/  tINpuT)] 


J 
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where 


T = 

AtINPUT  = 
AINT(X)  = 

At 


ZOH  smaple  period  (sec) 

input  integration  stepsize  (sec) 

computer  center  library  function  that  integerizes  the 
argument  (X) . 

computer  integration  stepsize  that  the  program  will  use. 


The  previously  mentioned  function  will  always  compute  an  integra- 
tion stepsize  that  is  equal  to  or  greater  than  the  input  stepsize.  Since 
there  is  an  upper  bound  on  the  stepsize  that  can  be  used  to  integrate 
the  differential  equations  in  this  simulation  program,  there  is  the 
possibility  that  a stepsize  larger  than  the  upper  bound  will  be  com- 
puted. (Upper  bound  is  approximately  12.5  msec,  with  the  exception  of 
the  optical  contrast  signal  seeker  model  S2  which  has  an  upper  bound 
of  approximately  0.5  msec).  Therefore,  one  should  insure  that  a rea- 
sonable stepsize  is  input  and  verify  that  a reasonable  stepsize  is  com- 
puted. For  example,  if  the  sample  period  is  16.7  msec,  then  a stepsize 
of  8.35  msec  or  less  must  be  input  to  insure  that  the  computed  stepsize 
is  12.5  msec  or  less. 


VI.  C-ARRAY  CROSS  REFERENCE 

Table  84  contains  a computer's  program  listing  cross  reference 
of  the  C-array.  This  table  contains  the  location,  in  numerical  order,  of 
every  reference  to  a C index.  The  most  important  feature  of  this 
table  is  that  it  identifies  all  variables  that  are  equivalenced  to  the 
C array. 

The  first  column  contains  the  Fortran  statement  in  which  a C index 
is  used.  The  second  column  contains  the  module  or  subroutine  group 
name  where  the  C-index  is  referenced.  The  third  column  contains  the 
line  number  of  the  module  or  subroutine  group  where  the  C-index  refer- 
ence is  located.  For  example,  the  first  entry  in  Table  84  is  C(ll), 
which  is  equivalenced  to  BY.  C(ll)  is  referenced  at  lines  13  and  165 
of  module  SI,  and  at  lines  44  and  287  of  module  S4. 


*A  discussion  of  errors  caused  by  numerical  integration  of  sample 
data  is  given  in  Reference  2. 
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Appendix  A.  ANGULAR  ACCELERATION  EQUATIONS 


The  angular  acceleration  equations  implemented  in  the  6 DOF  program 
(subroutine  D2)  are 


u 


PD 


FMXBA 

FMIX 


CRAD 


GJ 


QD 


FMYBA'CRAD  + (FMIZ  - FMIX) 
FM1Y 


V^R 

CRAD 


RD 


FMZBA' CRAD  + (FMIX  - FMIY) 
FMIZ 


CRAD 


where 

WpD  = Angular  acceleration  about  Xg 
= Angular  acceleration  about  Yfi 
= Angular  acceleration  about 

KJJ  D 

FMXBA  = Applied  moment  about  Xg 

FMYBA  = Applied  moment  about  YB 

B 

FMZBA  = Applied  moment  about  Z 

O 

FMIX  = Moment  of  inertia  about  X„ 

D 

FMIY  = Moment  of  inertia  about  Yc 

D 

FMIZ  = Moment  of  inertia  about  Z_ 

O 


(A-l) 


Equation  (A-l)  is  based  on  the  assumption  that  (1)  FMITZ  = FMIY  (because 

of  vehicle  symmetry  about  X ),  and  (2)  the  products  of  inertia  are  zero 

B 

(not  strictly  true,  even  initially). 

Equations  (A-l)  is  derived  as  follows: 


A = I u 
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where  A is  the  angular  momentum  vector,  I is  the  inertial  tensor,  and 
u is  the  angular  velocity  vector,  all  in  the  body  coordinate  system. 
Now, 


£a  = £ (!*)  = v . 


i.e.,  the  time  derivative  of  the  angular  momentum  vector  equals  the 
torque  vector  where, 


0 0 


1=0  iYY  0 

0 0 I „„ 


“ CRAD  WQ 


IXX^a)P^XB  + IYY^UQ^YB  + IZZ^UR^Zb)  CRAD 


where  XD,  Y„,  and  Z_  are  unit  vectors  in  the  body  system.  Thus, 

D D O 


dt  ^ CRAD  IXX^‘VXB  + IXX^WP^XB  + IYY^WQ^YB 


+ Iyy^u)Q^B  + rZZ^R^ZB  + IZZ^WR^ZB 


¥b  + Vb  + mzzb 


where  the  assumption  is  made  that 


XXX  = IYY  IZZ  ° 
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The  time  derivatives  of  the  unit  vectors  X„,  YD,  and  ZD  are 

D D D 

j _ ^RYB  ~ aiQZB 
XB  ~ CRAD 


V _ Vb  ~ URXB 
YB  ~ CRAD 


t _ VS  VS 

n ~ CRAD 


(A- 3) 


Making  these  substitutions  in  Equation  (A-3)  and  collecting  terms, 


_J_  ) L (i  ) _ VV/.V  + x 

CRAD  ) \ XXV  P'  CRAD  CRAD  / B 


l . . Ixx(u]p)  1zz('\^  (lV  ) - 

\IYY(UQ)  CRAD  CRAD  / YB 

/ IXX(aJP')  (tV  IYY(U)Q)  (<V  ^ — 

+ VSz^V  CRAD  ” CRAD  / ZB 


= Vb  + ¥b  + mzzb 


Simplifying, 


IXX(wP)  + 


^ZZ  “ IYY^  ^ V 


+ UYY(i)Q)  + 


+ IZZ(“R)  + 


^xx  " Sz^V^V 


^YY  “ 'Sx^V^V 


= CRAD  (MxXb  + MyYb  - MzZfi) 
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■ 


Equating  like  coefficients  and  solving  for  (wp) , (“q).  (wr) , and  noting 
that  Iyy  = Izz 

M^*  CRAD 


UP  = I 


XX 


UQ 


V 


CRAD  + 


^ZZ  " IXX^  ^“p^  \ 1 


CRAD 


YY 


M • CRAD 


^XX  ~ *YY^  (V  \ 1 

+ CRAD  / TZZ 


Substituting  the  program  names  in  Equation  (4),  yields  Equation  (1). 
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Appendix  B.  TIME  DERIVATIVES  OF  THE  EARTH  TO  BODY 
AXES  TRANSFORMATION  MATRIX,  M 


The  time  derivative  of  the  earth  to  body  axes  transformation 
matrix,  d/dt (M)  can  be  obtained  as  follows: 


(1)  Let  Xg,  Y , Zg,  and  X,,,  Y^,  Z£  denote  unit  vectors  in  the 
body  and  earth  system,  respectively. 

(2)  Assume  the  unit  vectors  in  Eg  have  angular  velocity  components 

about  Xg,  Yg,  Zg  of  Up,  and  (deg/sec),  respectively. 


T T 

Then  the  time  derivatives  of  the  unit  vectors  M E , (where  M 

B 

denotes  the  transpose  of  the  matrix,  M) , written  in  terms  of  id  , w , 

and  a.'  are  (see  Figure  B-l  for  velocity  components): 

K 


0XB  + Vb  - “0ZB 

CRAD 


0 

WR 

"Ur, 


yb  = 


-C0rXb  + QYg  + mpZg 

CRAD 


f Vfi  - VB  + °ZB 
ZB  CRAD 


WQ 

"Up 

0 


where  CRAD  is  the  number  of  degrees  per  radian. 


Transforming  Xg,  Yg,  ZH  into  the  earth  coordinate  systems  Ep 


yields 


r-  - 

T— 

C11 

C21 

C31 

C21 

UR  ” C31 

WQ 

XB 

= M x = 

ee 

C12 

C22 

C32 

XB  = 

C22 

“R  " C32 

WQ 

^13 

C23 

C33_ 

_C23 

WR  " C33 

Wq. 
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Figure  B-l. 


-cll 

“r 

+ 

C31 

W] 

“C12 

UR 

+ 

C32 

“] 

~C13 

“R 

+ 

C33 

“] 

T— 

C11 

“q  " 

C21 

UP 

= M ZB  = 

C12 

WQ  “ 

C22 

“p 

^C13 

“Q  " 

C23 

WP 

v 


But  the  time  derivatives  of  the  unit  vectors  X_,  YD,  Z„,  can  also  be 

D D D 

expressed  in  the  E system  by  first  transforming  into  the  E system  and 
then  taking  the  time  derivatives.  Thus. 


Written  in  terms  of  the  unit  vectors  X£,  Y£ 


[Xb1  = C11  XE  + C12  YE  + C13  ZE 
EE 

[YbL  = C21  XE  + C22  YE  + C23  ZE 
EE 

[Zb]„  = c31  XE  + c32  YE  + C33  ZE 

EE 

Since  the  E„  system  is  considered  fixed;  i.e 


Appendix  C.  ORIENTATION  OF  BODY  AND  EARTH  AXES 

The  Euler  angles  which  orient  the  body  axis  system  with  respect 
to  the  earth  sxis  system  (Figure  C-l)  are  defined  as  follows: 

1)  A positive  rotation  (toward  Y from  X ) of  <p  (deg)  about 

111  t 

the  Z - axis,  giving  a system  E'  (X  , Y , Z ) . 
h 

2)  A negative  rotation  (The  X^-axis  up  from  the  plane  of  the 

earth  axis  system)  of  9 about  the  Y^-axis,  giving  a system  E''  (X' ' , 
Y",  Z"). 

3)  A positive  rotation  (toward  Z1'  from  Y’1)  of  degrees  about 
the  X''-axis,  giving  the  body  axis  system  Eg(X^,YB,Zg) . 


'll 

//< 

/ ! I 

/ I 
/ I 


Figure  C-l.  Euler  angles  which  orient  the  body 
axis  system  with  respect  to  the  earth  axis 
system. 
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The  transformation,  M,  from  the  earth  axis  system  to  the  body  axis 
system  is  given  by 

cos  cos  0 

M = cos  ii  sin  9 sin  4 
- sin  ’p  cos  $ 

cos  p sin  9 cos  4 
+ sin  p sin  4 

Thus,  a vector  Vp  expressed  in  the  earth  axis  system  is  given  in  the 
body  axis  system  as  = MVg. 

Then,  M,  as  defined  in  Equation  (C-l)  is  obtained  from  matrix 
multiplication, 


sin  p cos  9 


-sin  0 


cos  p cos  4 cos  0 sin 

+ sin  p sin  6 sin  4 

sin  p sin  0 cos  $ cos  0 cos 
- cos  ip  sin  4 


Figure  C-2.  First  rotation,  ip. 


Appendix  D.  MONTE  CARLO  6-DOF  PROGRAM  LISTING 


A Fortran  IV  listing  of  the  THAD  T-7  missile  version  of  the  Monte 
Carlo  6 DOF  point  target  terminal  homing,  all-digital  simulation 
follows.  It  is  currently  in  operation  on  MICOM's  CDC  6600  digital 
computer,  utilizing  the  SCOPE  3.4  operating  system. 


net 

THIS  CALL  to  SJaROJTINE  RANNJH  IS  To  -»ERHIT  U;  £ Of  HC7 

JIFPERENT  RANDOM  NOHOER  GENERATOR  SIAkTERS  (IRMST).  MC7 
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1007  hJ=N-l  HC7 

CALL  ATRnIAOASUM  HC7 


P*OG*AN  MAIN  7«*/7*.  3PT  = 1 FTS  «.?♦?« 07/Q7/7j  ll.t3.44.  PAGE 


297 


CGftftCN  /NOS/NCX(b>  ,SCZ  <«♦)  ,N3kO<2»  .NCZOibl  HC7 
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OAf* 
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